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Preface

“There are more things in heaven and earth, Horatio, than are dreamt of in your philosophy.”

-- William Shakespeare

Description

Proto is aframework for building Embedded Domain-Specific Languagesin C++. It provides tools for constructing, type-checking,
transforming and executing expression templ ates’. More specifically, Proto provides:

» An expression tree data structure.
* A mechanism for giving expressions additional behaviors and members.

* Operator overloads for building the tree from an expression.

Utilities for defining the grammar to which an expression must conform.

An extensible mechanism for immediately executing an expression template.

* Anextensible set of tree transformations to apply to expression trees.

Motivation

Expression Templates are an advanced technique that C++ library developers use to define embedded mini-languages that target
specific problem domains. The technique has been used to create efficient and easy-to-use libraries for linear agebra as well asto
define C++ parser generatorswith areadable syntax. But devel oping such alibrary involveswriting an inordinate amount of unreadable
and unmai ntai nable templ ate mumbo-jumbo. Boost.Proto eases the devel opment of domain-specific embedded languages (EDSLs).
Use Proto to define the primitives of your mini-language and let Proto handle the operator overloading and the construction of the
expression parse tree. Immediately evaluate the expression tree by passing it a function object. Or transform the expression tree by
defining the grammar of your mini-language, decorated with an assortment of tree transforms provided by Proto or defined by you.
Then use the grammar to give your users short and readable syntax errors for invalid expressions! No more mumbo-jumbo -- an
expression template library developed with Proto is declarative and readable.

In short, Proto isan EDSL for defining EDSLs.

How to Use This Documentation

This documentation makes use of the following naming and formatting conventions.
* Codeisinfixed wi dth font andissyntax-highlighted.

» Replaceable text that you will need to supply isini tal i cs.

» If anamerefersto afreefunction, it is specified likethis. f ree_f uncti on() ; thatis, it isin code font and its nameis followed
by () toindicatethat it isafree function.

 If anamerefersto aclasstemplate, it isspecified likethis: cl ass_t enpl at e<>; thatis, itisin code font and its nameisfollowed
by <> toindicate that it is a class template.

« If aname refers to a function-like macro, it is specified like this: MACRQ( ) ; that is, it is uppercase in code font and its name is
followed by () toindicatethat it is afunction-like macro. Object-like macros appear without the trailing () .

» Names that refer to concepts in the generic programming sense are specified in Camel Case.

! see Expression Templates
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S Note

In addition, notes such asthis one specify non-essential information that provides additional background or rationale.

Finally, you can mentally add the following to any code fragmentsin this document:

/1 Include all of Proto
#i ncl ude <boost/ proto/ proto. hpp>

/1 Create sonme nanespace aliases
nanmespace npl = boost::npl;
nanmespace fusion = boost::fusion;
namespace proto = boost: : proto;

/'l Al ow unqualified use of Proto's wildcard pattern
using proto::_;
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Users' Guide

Compilers, Compiler Construction Toolkits, and Proto

Most compilers have front ends and back ends. The front end parses the text of an input program into some intermediate form like
an abstract syntax tree, and the back end takes the intermediate form and generates an executable fromit.

A library built with Proto is essentially a compiler for an embedded domain-specific language (EDSL). It also has a front end, an
intermediate form, and aback end. The front end is comprised of the symbols (a.k.a., terminals), members, operators and functions
that make up the user-visible aspects of the EDSL. The back end is made of evaluation contexts and transforms that give meaning
and behavior to the expression templates generated by the front end. In between is the intermediate form: the expression template
itself, which is an abstract syntax tree in avery real sense.

To build alibrary with Proto, you will first decide what your interface will be; that is, you'll design a programming language for
your domain and build the front end with tools provided by Proto. Then you'll design the back end by writing evaluation contexts
and/or transforms that accept expression templates and do interesting things with them.

Thisusers guide is organized as follows. After a Getting Started guide, we'll cover the tools Proto provides for defining and manip-
ulating the three major parts of a compiler:

Front Ends How to define the aspects of your EDSL with which your users will interact directly.

Intermediate Form What Proto expression templates look like, how to discover their structure and access their
constituents.

Back Ends How to define eval uation contexts and transforms that make expression templates do interesting
things.

After that, you may be interested in seeing some Examplesto get a better idea of how the pieces all fit together.

Getting Started

Installing Proto

Getting Proto

You can get Proto by downloading Boost (Proto is in version 1.37 and later), or by accessing Boost's SVN repository on Source-
Forge.net. Just go to http://svn.boost.org/trac/boost/wiki/BoostSubversion and follow the instructions there for anonymous SVN
access.

Building with Proto

Proto is a header-only template library, which means you don't need to alter your build scripts or link to any separate lib file to use
it. All youneedtodois#i ncl ude <boost/ prot o/ prot o. hpp>. Or, you might decideto justincludethe coreof Proto (#i ncl ude
<boost / pr ot o/ cor e. hpp>) and whichever contexts and transforms you happen to use.

Requirements

Proto depends on Boost. You must use either Boost version 1.34.1 or higher, or the version in SV N trunk.
Supported Compilers

Currently, Boost.Proto is known to work on the following compilers:

 Visual C++ 8 and higher

* GNU C++ 3.4 and higher

httpo://www.renderx.com/
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* Intel on Linux 8.1 and higher

* Intel on Windows 9.1 and higher

S Note
Please send any questions, comments and bug reports to eric <at> boostpro <dot> com.

Naming Conventions

Protoisalargelibrary and probably quite unlike any library you've used before. Proto uses some consistent naming conventions to
make it easier to navigate, and they're described bel ow.

Functions

All of Proto's functions are defined in the boost : : pr ot o namespace. For example, thereis afunction called val ue() defined in
boost : : prot o that accepts aterminal expression and returns the terminal's value.

Metafunctions

Proto defines metafunctions that correspond to each of Proto's free functions. The metafunctions are used to compute the functions
return types. All of Proto's metafunctions live in the boost : : prot o: : resul t _of namespace and have the same name as the
functions to which they correspond. For instance, there is a classtemplate boost : : prot o: : resul t _of : : val ue<> that you can
use to compute the return type of the boost : : prot o: : val ue() function.

Function Objects

Proto defines function object equivalents of all of its free functions. (A function object is an instance of a class type that defines an
oper at or () member function.) All of Proto's function object types are defined in the boost : : prot o: : f uncti onal namespace
and have the same name astheir corresponding free functions. For example, boost : : prot o: : functi onal : : val ue isaclassthat
defines afunction object that does the same thing asthe boost : : prot o: : val ue() freefunction.

Primitive Transforms

Proto also defines primitive transforms -- class types that can be used to compose larger transforms for manipulating expression
trees. Many of Proto's free functions have corresponding primitive transforms. These live in the boost : : pr ot o hamespace and
their names have a leading underscore. For instance, the transform corresponding to the val ue() function is called
boost:: proto:: _val ue.

The following table summarizes the discussion above:

Table 1. Proto Naming Conventions

Entity Example
Free Function boost: : proto:: val ue()
Metafunction boost::proto::result_of::val ue<>
Function Object boost:: proto::functional::val ue
Transform boost: :proto::_val ue

Hello World

Below isavery simple program that uses Proto to build an expression template and then execute it.

render
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#i ncl ude <i ostreanr

#i ncl ude <boost/ proto/ proto. hpp>

#i ncl ude <boost/typeof/std/ ostream hpp>
usi ng nanmespace boost;

proto::termnal < std::ostream & >::type cout_ = { std::cout };

tenpl at e< typenanme Expr >
voi d eval uate( Expr const & expr )

{ proto::default_context ctx;
proto::eval (expr, ctx);

}

int main()

{
evaluate( cout_ << "hello" << ',' << " world" );
return O;

}

This program outputs the following:

hell o, world

This program builds an object representing the output operation and passesit to an eval uat e() function, which then executesit.

The basic idea of expression templates is to overload all the operators so that, rather than evaluating the expression immediately,
they build a tree-like representation of the expression so that it can be evaluated later. For each operator in an expression, at least
one operand must be Protofied in order for Proto's operator overloads to be found. In the expression ...

cout << "hello" << ','" << " world"

... the Protofied sub-expressioniscout _, which isthe Proto-ification of st d: : cout . The presenceof cout _ "infects" the expression,
and brings Proto's tree-building operator overloads into consideration. Any literalsin the expression are then Protofied by wrapping
them in a Proto terminal before they are combined into larger Proto expressions.

Once Proto's operator overloads have built the expression tree, the expression can be lazily evaluated later by walking the tree. That
is what proto::eval () does. It is a genera tree-walking expression evaluator, whose behavior is customizable via a context
parameter. The use of pr ot o: : def aul t _cont ext assigns the standard meanings to the operators in the expression. (By using a
different context, you could give the operators in your expressions different semantics. By default, Proto makes no assumptions
about what operators actually mean.)

Proto Design Philosophy

Before we continue, |et's use the above exampleto illustrate an important design principle of Proto's. The expression template created
in the hello world exampleistotally general and abstract. It is not tied in any way to any particular domain or application, nor does
it have any particular meaning or behavior on its own, until it is evaluated in a context. Expression templates are really just hetero-
geneous trees, which might mean something in one domain, and something else entirely in a different one.

Aswelll see later, there is away to create Proto expression trees that are not purely abstract, and that have meaning and behaviors
independent of any context. There is also away to control which operators are overloaded for your particular domain. But that is
not the default behavior. We'll see later why the default is often a good thing.

Hello Calculator

"Hello, world" is nice, but it doesn't get you very far. Let's use Proto to build a EDSL (embedded domain-specific language) for a
lazily-evaluated calculator. We'll see how to define the terminalsin your mini-language, how to compose them into larger expressions,
and how to define an evaluation context so that your expressions can do useful work. When we're done, we'll have a mini-language
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that will allow us to declare a lazily-evaluated arithmetic expression, suchas(_2 - 1) / _2 * 100, where 1 and 2 are
placeholders for values to be passed in when the expression is eval uated.

Defining Terminals

Thefirst order of businessisto define the placeholders _1 and _2. For that, we'll usethe pr ot o: : t er mi nal <> metafunction.

/1 Define a placehol der type
tenpl ate<int 1>
struct pl acehol der

{1

/1 Define the Protofied placehol der termnals
proto::term nal <pl acehol der <0> >::type const _1
proto::term nal <pl acehol der<1> >::type const _2

I n
~— -
——
—
—

Theinitialization may look alittle odd at first, but there is a good reason for doing things this way. The objects _1 and _2 above do
not require run-time construction -- they are statically initialized, which means they are essentially initialized at compile time. See
the Static Initialization section in the Rational e appendix for more information.

Constructing Expression Trees

Now that we have terminals, we can use Proto's operator overloadsto combine these terminalsinto larger expressions. So, for instance,
we can immediately say things like:

/1 This builds an expression tenplate
(_2- _1) / _2 * 100;

This creates an expression tree with a node for each operator. The type of the resulting object is large and complex, but we are not
terribly interested in it right now.

So far, the object is just atree representing the expression. It has no behavior. In particular, it is not yet a calculator. Below we'll see
how to make it a calculator by defining an evaluation context.

Evaluating Expression Trees

No doubt you want your expression templatesto actually do something. One approach isto define an eval uation context. The context
islike afunction object that associates behaviors with the node typesin your expression tree. The following example should make
it clear. It is explained below.

struct cal cul at or _cont ext
. proto::callable_context< cal cul ator_context const >
{
/1 Values to replace the placehol ders
st d: : vect or <doubl e> args;

/1 Define the result type of the calculator.
/1 (This nmakes the cal cul ator_context "callable".)
t ypedef double result_type;

/1 Handl e the placehol ders:
tenplate<int |>
doubl e operator()(proto::tag::termnal, placehol der<l>) const

{
}

return this->args[l];

Incal cul at or _cont ext , we specify how Proto should evaluate the placeholder terminals by defining the appropriate overloads
of the function call operator. For any other nodes in the expression tree (e.g., arithmetic operations or non-placeholder terminals),
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Proto will evaluate the expression in the "default" way. For example, abinary plus node is evaluated by first evaluating the |eft and
right operands and adding the results. Proto's default evaluator uses the Boost. Typeof library to compute return types.

Now that we have an evaluation context for our calculator, we can use it to evaluate our arithmetic expressions, as below:

cal cul ator _context ctx;
ctx. args. push_back(45); // the value of _1 is 45
ctx. args. push_back(50); // the value of _2 is 50

/1 Create an arithnmetic expression and inmedi ately evaluate it
double d = proto::eval( (_2 - _1) / _2 * 100, ctx );

/1l This prints "10"
std::cout << d << std::endl;

Later, we'll see how to define more interesting evaluation contexts and expression transforms that give you total control over how
your expressions are evaluated.

Customizing Expression Trees

Our calculator EDSL isalready pretty useful, and for many EDSL scenarios, no more would be needed. But |et'skeep going. Imagine
how much nicer it would beif al calculator expressions overloaded oper at or () so that they could be used as function objects. We
can do that by creating a calculator domain and telling Proto that all expressionsin the calculator domain have extramembers. Here
is how to define a calculator domain:

/'l Forward-decl are an expression w apper
t enpl at e<t ypenane Expr>
struct cal cul ator;

/'l Define a cal cul ator domain. Expression w thin
/'l the calculator domain will be wapped in the
/'l cal cul at or <> expressi on w apper.
struct cal cul ator_donmin

proto: : domai n< proto::generator<cal cul ator> >

i

Thecal cul at or <> type will be an expression wrapper. It will behave just like the expression that it wraps, but it will have extra
member functions that we will define. The cal cul at or _donmai n iswhat informs Proto about our wrapper. It is used below in the
definition of cal cul at or <>. Read on for a description.
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/1 Define a calculator expression wapper. It behaves just like
/'l the expression it waps, but with an extra operator() menber
/1 function that eval uates the expression
t enpl at e<t ypenane Expr>
struct cal cul ator
. proto::extends<Expr, cal cul ator<Expr>, cal cul ator_donai n>

{

t ypedef

proto:: extends<Expr, cal cul ator<Expr>, cal cul ator_domai n>
base_t ype

cal cul at or (Expr const &expr = Expr())
base_t ype(expr)
{}

typedef double result_type

/'l Overload operator() to invoke proto::eval () with
/1 our cal cul ator_cont ext.
doubl e operator()(double al = 0, double a2 = 0) const

{

cal cul ator _context ctx
ctx. args. push_back(al);
ctx. args. push_back(a2);

return proto::eval (*this, ctx);

Thecal cul at or <> struct isan expression extension. It usespr ot o: : ext ends<> to effectively add additional membersto an ex-
pression type. When composing larger expressions from smaller ones, Proto notes what domain the smaller expressionsarein. The
larger expression isin the same domain and is automatically wrapped in the domain's extension wrapper.

All that remains to be doneisto put our placeholdersin the calculator domain. We do that by wrapping them in our cal cul at or <>
wrapper, as below:

/'l Define the Protofied placeholder terminals, in the

/1 cal cul ator donmain

cal cul ator<proto: :term nal <pl acehol der<0> >::type> const _1
cal cul ator<proto: :term nal <pl acehol der<1> >::type> const _2

Any larger expression that contain these placeholders will automatically be wrapped in the cal cul at or <> wrapper and have our
oper at or () overload. That means we can use them as function objects as follows.

double result = ((_2 - 1) / _2 * 100)(45.0, 50.0);
assert(result == (50.0 - 45.0) / 50.0 * 100));

Since calculator expressions are now valid function objects, we can use them with standard algorithms, as shown below:

doubl e al[ 4]
doubl e a2[ 4]
doubl e a3[ 4]

{ 56, 84, 37, 69 };
{ 65, 120, 60, 70 };
{ 01}

/1l Use std::transform() and a cal cul ator expression
/1 to calcul ate percentages given two input sequences:
std::transform al, al+4, a2, a3, (_2 - _1) / _2 * 100);

Now, let's use the calculator example to explore some other useful features of Proto.

11
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Detecting Invalid Expressions

You may have naoticed that you didn't have to define an overloaded oper at or - () or operat or/ () -- Proto defined them for you.
In fact, Proto overloads all the operators for you, even though they may not mean anything in your domain-specific language. That
means it may be possible to create expressions that are invalid in your domain. You can detect invalid expressions with Proto by
defining the grammar of your domain-specific language.

For simplicity, assumethat our calculator EDSL should only allow addition, subtraction, multiplication and division. Any expression
involving any other operator isinvalid. Using Proto, we can state this requirement by defining the grammar of the calculator EDSL.
It looks asfollows:

/'l Define the granmar of cal cul ator expressions
struct cal cul at or _gramar
proto::or_<

proto:: plus< cal cul ator_gramar, cal cul ator_granmar >
proto:: mnus< cal cul ator_granmmar, cal cul ator_gramar >
proto::nmultiplies< cal cul ator_gramrmar, cal cul ator_gramar >
proto::divides< cal cul ator_gramar, cal cul ator_granmmar >
proto::termnal < proto::_ >

{1

You can read the above grammar as follows. an expression tree conforms to the calculator grammar if it is a binary plus, minus,
multiplies or divides node, where both child nodes also conform to the calculator grammar; or if it isaterminal. In aProto grammar,
proto::_isawildcard that matches any type, soproto: : term nal < proto::_ > matchesany terminal, whether it isaplace-
holder or aliteral.

S Note
This grammar is actually a little looser than we would like. Only placeholders and literals that are convertible to
doubles are valid terminals. Later on we'll see how to express things like that in Proto grammars.

Once you have defined the grammar of your EDSL, you can use the pr ot o: : mat ches<> metafunction to check whether a given
expression type conforms to the grammar. For instance, we might add the following to our cal cul at or : : oper at or () overload:

t enpl at e<t ypenane Expr>
struct cal cul at or

proto::extends< /* ... as before ... */ >
{
[* o0
doubl e operator()(double al = 0, double a2 = 0) const
{
/1l Check here that the expression we are about to
/1 evaluate actually confornms to the cal cul ator granmar.
BOOST_MPL_ASSERT( ( prot o: : mat ches<Expr, cal cul at or _granmar >))
[* o0
}
s

The addition of the BOOST_MPL_ASSERT() line enforces at compile time that we only evaluate expressions that conform to the
calculator EDSL's grammar. With Proto grammars, pr ot o: : mat ches<> and BOOST_MPL_ASSERT() it is very easy to give the
users of your EDSL short and readable compile-time errors when they accidentally misuse your EDSL.

S Note
BOOST_MPL_ASSERT() is part of the Boost Metaprogramming Library. To use it, just #i ncl ude
<boost/ npl / assert. hpp>.
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Controlling Operator Overloads

Grammars and pr ot o: : mat ches<> make it possible to detect when a user has created an invalid expression and issue a compile-
timeerror. But what if you want to prevent usersfrom creating invalid expressionsin thefirst place? By using grammars and domains
together, you can disable any of Proto's operator overloads that would create an invalid expression. It is as simple as specifying the
EDSL's grammar when you define the domain, as shown below:

/1 Define a cal cul ator domain. Expression within
/1l the calculator domain will be wapped in the
/1 cal cul at or <> expressi on w apper.
/1 NEW Any operator overloads that would create an
/1 expression that does not conformto the
/1 cal culator grammar is automatically disabl ed.
struct cal cul ator_donmin
proto: : domai n< proto::generator<cal cul ator>, calcul ator_gramar >

i

Theonly thing we changedisweadded cal cul at or _gr ammar asthe second template parameter tothepr ot o: : donmai n<> template
when defining cal cul at or _domai n. With this simple addition, we disable any of Proto's operator overloads that would create an
invalid calculator expression.

... And Much More

Hopefully, this gives you an idea of what sorts of things Proto can do for you. But this only scratches the surface. The rest of this
users guide will describe all these features and others in more detail.

Happy metaprogramming!

Fronts Ends: Defining Terminals and Non-Terminals of Your EDSL

Hereisthe fun part: designing your own mini-programming language. In this section wel'll talk about the nuts and bolts of designing
an EDSL interface using Proto. We'll cover the definition of terminals and lazy functions that the users of your EDSL will get to
program with. We'll also talk about Proto's expression template-building operator overloads, and about ways to add additional
members to expressions within your domain.

Making Terminals

Aswe saw with the Calculator example from the Introduction, the simplest way to get an EDSL up and running is simply to define
some terminals, as follows.

/1 Define a literal integer Proto expression.
proto::termnal<int> :type i = {0};

/1 This creates an expression tenplate.
i+ 1;
With some terminals and Proto's operator overloads, you can immediately start creating expression templates.

Defining terminals -- with aggregate initialization -- can be a little awkward at times. Proto provides an easier-to-use wrapper for
literals that can be used to construct Protofied terminal expressions. It'scalled proto: : li teral <>.

/1 Define a literal integer Proto expression.
proto::literal<int>i = 0;

/1 Proto literals are really just Proto term nal expressions.
/'l For exanple, this builds a Proto expression tenplate:
i+ 1;
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Thereisasoaproto::lit() function for constructing a proto: : literal <> in-place. The above expression can simply be
written as;

/1 proto::1it(0) creates an integer term nal expression
proto::lit(0) + 1;

Proto's Operator Overloads

Once we have some Proto terminal's, expressionsinvolving those terminals build expression trees for us. Proto defines overloads for
each of C++'s overloadable operatorsintheboost : : pr ot o namespace. Aslong as one operand is a Proto expression, the result of
the operation is a tree node representing that operation.

S Note
Proto's operator overloads live in the boost : : pr ot o namespace and are found via ADL (argument-dependent
lookup). That iswhy expressions must be "tainted" with Proto-nessfor Proto to be able to build trees out of expres-
sions.

Asaresult of Proto's operator overloads, we can say:

-1 /1 OK, build a unary-negate tree node
1 + 42 /1 OK, build a binary-plus tree node

For the most part, this Just Works and you don't need to think about it, but a few operators are special and it can be helpful to know
how Proto handles them.

Assignhment, Subscript, and Function Call Operators

Proto also overloads oper at or =, operat or[], and oper at or (), but these operators are member functions of the expression
template rather than free functions in Proto's namespace. The following are valid Proto expressions:

1 =5; /1 OK, builds a binary assign tree node
_1[6]; /1 OK, builds a binary subscript tree node
_1(); /1 OK, builds a unary function tree node
_1(7); /1 OK, builds a binary function tree node
~1(8,9); /1 OK, builds a ternary function tree node
/1 ... etc.

For thefirst two lines, assignment and subscript, it should be fairly unsurprising that the resulting expression node should be binary.
After all, there are two operands in each expression. It may be surprising at first that what appears to be afunction call with no argu-
ments, _1(), actually creates an expression node with one child. The child is _1 itself. Likewise, the expression _1(7) has two
children: _1 and 7.

Because these operators can only be defined as member functions, the following expressions are invalid:
int i;
i = _1; /1 ERROR cannot assign _1 to an int

int *p;
pl_1]; /1 ERROR cannot use _1 as an index

std::sin(_1); /1 ERROR cannot call std::sin() with _1

Also, C++ has special rules for overloads of oper at or - > that make it useless for building expression templates, so Proto does not
overload it.
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The Address-Of Operator

Proto overloads the address-of operator for expression types, so that the following code creates a new unary address-of tree node:
& 1; /1 OK creates a unary address-of tree node

It does not return the address of the _1 object. However, thereis special code in Proto such that aunary address-of nodeisimplicitly
convertible to apointer to its child. In other words, the following code works and does what you might expect, but not in the obvious

way:

t ypedef
proto::term nal < pl acehol der<0> >::type

_1 type;

_1 type const _1 = {{}};
1 type const * p = &1; // OK &1 inplicitly converted

Making Lazy Functions

If we limited ourselves to nothing but terminals and operator overloads, our embedded domain-specific languages wouldn't be very
expressive. Imagine that we wanted to extend our calculator EDSL with a full suite of math functions like si n() and pow() that
we could invoke lazily as follows.

/1 A cal cul ator expression that takes one argunent
/'l and takes the sine of it.
sin(_1);

We would like the above to create an expression template representing a function invocation. When that expression is evaluated, it
should cause the function to be invoked. (At least, that's the meaning of function invocation we'd like the calculator EDSL to have.)
You can define si n quite simply asfollows.

/1 "sin" is a Proto terminal containing a function pointer
proto::termnal < doubl e(*)(double) >::type const sin = {&std::sin};

In the above, we define si n as a Proto terminal containing a pointer to the st d: : si n() function. Now we can use si n asalazy
function. Thedef aul t _cont ext that we saw in the Introduction knows how to evaluate lazy functions. Consider the following:

doubl e pi = 3.1415926535;

proto::default_context ctx;

/1l Create a lazy "sin" invocation and imediately evaluate it
std::cout << proto::eval( sin(pi/2), ctx ) << std::endl;

The above code prints out:

I'm no expert at trigonometry, but that looks right to me.

We can write si n( pi / 2) because the si n object, which is a Proto terminal, has an overloaded oper at or () () that builds a node
representing a function call invocation. The actual type of si n(pi / 2) isactualy something like this:
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/'l The type of the expression sin(pi/2):
proto::function<
proto::termnal < doubl e(*)(double) >::type const &
proto::result_of::as_child< double const > :type
> type

Thistype further expands to an unsightly node type with atag type of prot o: : t ag: : f unct i on and two children: the first repres-
enting the function to be invoked, and the second representing the argument to the function. (Node tag types describe the operation
that created the node. The difference betweena + b anda - b isthat theformer hastag typepr ot o: : t ag: : pl us and the latter
hastag type pr ot o: : t ag: : m nus. Tag types are pure compile-time information.)

@ Note
In the type computation above, prot o: : resul t _of:: as_chi | d<> is a metafunction that ensures its argument
is a Proto expression type. If it isn't one aready, it becomes a Proto terminal. We'll learn more about this
metafunction, along with pr ot o: : as_chi | d(), its runtime counterpart, later. For now, you can forget about it.

It isimportant to note that thereis nothing special about terminalsthat contain function pointers. Any Proto expression has an overloaded
function call operator. Consider:

/1 This conpiles!
proto::lit(1)(2)(3,4)(5,6,7,8);

That may look strange at first. It creates an integer terminal withprot o: : 1'i t (), andtheninvokesit likeafunction again and again.
What does it mean? Who knows?! You get to decide when you define an evaluation context or atransform. But more on that | ater.

Making Lazy Functions, Continued

Now, what if we wanted to add apow() function to our calculator EDSL that users could invoke as follows?

/1 A cal cul ator expression that takes one argunent
/1 and raises it to the 2nd power
pow< 2 >(_1);

The simple technique described above of making powaterminal containing afunction pointer doesn't work here. If powis an object,
then the expression pow< 2 >(_1) isnot valid C++. (Well, technically it is; it means, powlessthan 2, greater than (_1) , whichis
nothing at all like what we want.) pow should be a real function template. But it must be an unusual function: one that returns an
expression template.

With sin, we relied on Proto to provide an overloaded operator()() to build an expression node with tag type
proto::tag::function for us. Now well need to do so ourselves. As before, the node will have two children: the function to
invoke and the function's argument.

With si n, the function to invoke was a raw function pointer wrapped in a Proto terminal. In the case of pow, we want it to be ater-
minal containing TR1-stylefunction object. Thiswill allow usto parameterize the function on the exponent. Below istheimplement-
ation of asimple TR1-style wrapper for the st d: : pow function:
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/1 Define a pow fun function object
tenplate< int Exp >
struct pow_fun

{
typedef double result_type;
doubl e operator()(double d) const
{
return std::pow(d, Exp);
}
b

Following the si n example, wewant pow< 1 >( pi/2 ) tohaveatypelikethis:

/1 The type of the expression powl1l>(pi/2):
proto::function<
proto::termnal < pow_fun<l> >::type
proto::result_of::as_child< double const >::type
> type

We could write apow() function using code like this, but it's verbose and error prone; it's too easy to introduce subtle bugs by for-
getting to call prot o: : as_chi | d() where necessary, resulting in code that seems to work but sometimes doesn't. Proto provides
a better way to construct expression nodes: pr ot o: : make_expr () .

Lazy Functions Made Simple With make_expr ()

Proto providesahel per for building expression templatescalled pr ot o: : make_expr () . We can concisely definethepow() function
with it as below.

/1 Define a lazy pow() function for the cal cul ator EDSL.
/1 Can be used as: pow 2 >(_1)
tenpl ate< int Exp, typenane Arg >
typenane proto::result_of:: mke_expr<
proto::tag::function // Tag type
pow fun< Exp > /'l First child (by val ue)
Arg const & /1 Second child (by reference)
>::type const
pow( Arg const &arg)

{
return proto::nmake_expr<proto::tag::function>(
pow_f un<Exp>() /1l First child (by val ue)
boost::ref(arg) /1 Second child (by reference)
)
}

There are some things to notice about the above code. We use prot o: : resul t _of : : make_expr <> to calculate the return type.
The first template parameter is the tag type for the expression node we're building -- in thiscase, prot o: : t ag: : f uncti on.

Subsequent template parameters to pr ot o: : resul t _of : : make_expr <> represent child nodes. If a child type is not already a
Proto expression, it is automatically made into a termina with proto: : as_chi | d() . A type such as pow_f un<Exp> results in
terminal that isheld by value, whereas atypelike Arg const & (note the reference) indicates that the result should be held by ref-
erence.

In the function body is the runtime invocation of proto:: nake_expr (). It closely mirrors the return type calculation.
proto: : make_expr () requiresyou to specify the node's tag type as a template parameter. The arguments to the function become
the node's children. When a child should be stored by value, nothing special needs to be done. When a child should be stored by
reference, you must use theboost : : ref () function to wrap the argument.

And that'sit! prot o: : make_expr () isthelazy person's way to make alazy funtion.
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Customizing Expressions in Your Domain

In this section, we'll learn all about domains. In particular, we'll learn:

» How to associate Proto expressions with a domain,

» How to add members to expressions within adomain,

» How to use agenerator to post-process all new expressions created in your domain,
» How to control which operators are overloaded in adomain,

» How to specify capturing policies for child expressions and non-Proto objects, and

» How to make expressions from separate domains interoperate.

Domains

In the Hello Calculator section, we looked into making cal culator expressions directly usable aslambda expressionsin callsto STL
algorithms, as below:

double datal] = {1., 2., 3., 4.};

/'l Use the calculator EDSL to square each elenent ... HOWN
std::transform data, data + 4, data, 1 * 1 );

The difficulty, if you recall, was that by default Proto expressions don't have interesting behaviors of their own. They're just trees.
In particular, theexpression _1 * _1 won't havean oper at or () that takesadouble and returnsadoublelikest d: : t r ansf or m()
expects -- unless we give it one. To make this work, we needed to define an expression wrapper type that defined the oper at or ()

member function, and we needed to associate the wrapper with the calculator domain.

In Proto, the term domain refers to a type that associates expressions in that domain to an expression generator. The generator is
just afunction object that accepts an expression and does something to it, like wrapping it in an expression wrapper.

You can also use a domain to associate expressions with a grammar. When you specify a domain's grammar, Proto ensures that all
the expressions it generates in that domain conform to the domain's grammar. It does that by disabling any operator overloads that
would create invalid expressions.

The ext ends<> EXpression Wrapper

Thefirst step to giving your calculator expressions extra behaviorsis to define a calculator domain. All expressions within the cal-
culator domain will be imbued with calculator-ness, as we'll see.

/1 A type to be used as a donain tag (to be defined bel ow)
struct cal cul at or _domai n;

We use this domain type when extending the pr ot o: : expr <> type, which we do with the pr ot o: : ext ends<> class template.
Here is our expression wrapper, which imbues an expression with calculator-ness. It is described below.
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/1 The cal cul at or<> expressi on w apper nakes expressions
/1 function objects.
tenpl at e< typenanme Expr >
struct cal cul ator
. proto::extends< Expr, calculator< Expr >, calculator_domain >

{
t ypedef
proto::extends< Expr, calculator< Expr >, calcul ator_donmain >
base_t ype
cal cul ator( Expr const &expr = Expr() )
base_type( expr )
{}
/1 This is usually needed because by default, the conpiler-
/1l generated assi gnment operator hides extends<>::operator=
BOOST_PROTO_EXTENDS_USI NG_ASSI G\( cal cul at or)
typedef double result_type
/1 Hide base_type::operator() by defining our own which
/'l evaluates the cal cul ator expression with a cal cul ator context.
result_type operator()( double d1 = 0.0, double d2 = 0.0 ) const
{
/1 As defined in the Hello Cal cul ator section.
cal cul ator _context ctx
/'l ctx.args is a vector<double> that holds the val ues
/'l with which we replace the placeholders (e.g., _1 and _2)
/1 in the expression
ctx.args. push_back( d1 ); // _1 gets the value of dil
ctx.args. push_back( d2 ); // _2 gets the value of d2
return proto::eval (*this, ctx ); // evaluate the expression
}
b

We want calculator expressions to be function objects, so we have to define an oper at or () that takes and returns doubles. The
cal cul at or <> wrapper abovedoesthat withthe help of thepr ot o: : ext ends<> template. Thefirst templatetopr ot o: : ext ends<>
parameter isthe expression type we are extending. The second isthe type of thewrapped expression. Thethird parameter isthe domain
that this wrapper is associated with. A wrapper type like cal cul at or <> that inherits from pr ot o: : ext ends<> behavesjust like
the expression type it has extended, with any additional behaviors you choose to giveit.

g Note
Why not just inherit from pr ot o: : expr <>?

You might be thinking that this expression extension business is unnecessarily complicated. After al, isn't thiswhy
C++ supports inheritance? Why can't cal cul at or <Expr > just inherit from Expr directly? The reason is because
Expr , which presumably isan instantiation of pr ot o: : expr <>, has expression template-building operator overloads
that will beincorrect for derived types. They will store*t hi s by referenceto pr ot o: : expr <>, effectively dicing
off any derived parts. pr ot o: : ext ends<> gives your derived types operator overloads that don't slice off your
additional members.

Although not strictly necessary inthis case, we bring ext ends<>: : oper at or = into scope with the BOOST_PROTO _EXTENDS_US-
I NG_ASSI GN\() macro. Thisisrealy only necessary if you want expressionslike _1 = 3 to create alazily evaluated assignment.
prot o: : ext ends<> defines the appropriate oper at or = for you, but the compiler-generated cal cul at or <>: : oper at or = will
hide it unless you make it available with the macro.
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Note that in the implementation of cal cul at or <>: : oper at or () , we evaluate the expression with the cal cul at or _cont ext
we defined earlier. As we saw before, the context iswhat gives the operators their meaning. In the case of the calculator, the context
is also what defines the meaning of the placeholder terminals.

Now that we have defined thecal cul at or <> expression wrapper, we need to wrap the placeholders to imbue them with cal cul ator-
ness:

calcul ator< proto::term nal < pl acehol der<0> >::type > const _1;
calcul ator< proto::termnal < placehol der<1> >::type > const _2;

Retaining POD-ness with BOOST _PROTO _EXTENDS( )

To use pr ot 0: : ext ends<>, your extension type must derive from pr ot o: : ext ends<>. Unfortunately, that means that your ex-
tension typeis no longer POD and its instances cannot be statically initialized. (See the Static Initialization section in the Rationale
appendix for why this matters.) In particular, as defined above, the global placeholder objects 1 and _2 will need to beinitialized
at runtime, which could lead to subtle order of initialization bugs.

Thereis another way to make an expression extension that doesn't sacrifice POD-ness : the BOOST_PROTO_EXTENDS() macro. You
can use it much like you use pr ot o: : ext ends<>. We can use BOOST_PROTO_EXTENDS() to keep cal cul at or <> a POD and
our placeholders statically initialized.

/1 The cal cul at or<> expressi on w apper nakes expressi ons
/1 function objects.

tenpl at e< typename Expr >

struct cal cul ator

{
/1 Use BOOST_PROTO EXTENDS() instead of proto::extends<> to
/1 make this type a Proto expression extension
BOOST_PROTO_EXTENDS( Expr, cal cul at or <Expr >, cal cul at or _donai n)
typedef double result_type
result_type operator()( double d1 = 0.0, double d2 = 0.0 ) const
{
/* ... as before ... */
}
b

With the new cal cul at or <> type, we can redefine our placeholdersto be statically initialized:

cal cul ator< proto::term nal < pl acehol der<0> >::type > const _1
cal cul ator< proto::term nal < pl acehol der<1> >::type > const _2

11
o~
o~
o~
——
e
——

We need to make one additional small changeto accommodate the POD-ness of our expression extension, which we'll describe bel ow
in the section on expression generators.

What does BOOST_PROTO_EXTENDS() do? It defines a data member of the expression type being extended; some nested typedefs
that Proto requires; oper at or =, oper at or [ | andoper at or () overloadsfor building expression templates; and anestedr esul t <>
template for calculating thereturn type of oper at or () . Inthiscase, however, theoper at or () overloadsandther esul t <> template
are not needed because we are defining our own oper at or () in the cal cul at or <> type. Proto provides additional macros for
finer control over which member functions are defined. We could improve our cal cul at or <> type as follows:
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/1 The cal cul at or<> expressi on w apper nakes expressions
/1 function objects.

tenpl at e< typenanme Expr >

struct cal cul ator

{
/1 Use BOOST_PROTO BASI C EXTENDS() instead of proto::extends<> to
/1 make this type a Proto expression extension:
BOOST_PROTO_BASI C_EXTENDS( Expr, cal cul at or <Expr >, cal cul at or _donmai n)
/1 Define operator[] to build expression tenplates:
BOOST_PROTO_EXTENDS_SUBSCRI PT()
/1 Define operator= to build expression tenplates:
BOOST_PROTO_EXTENDS_ASSI G\( )
t ypedef double result_type;
result_type operator()( double d1 = 0.0, double d2 = 0.0 ) const
{

/* ... as before ... */

}

b

Notice that we are now using BOOST_PROTO BASI C_EXTENDS() instead of BOOST_PROTO EXTENDS() . This just adds the data
member and the nested typedefs but not any of the overloaded operators. Those are added separately with BOOST_PROTO_EXTENDS _AS-

SI G\() and BOOST_PROTO_EXTENDS_SUBSCRI PT() . We are leaving out the function call operator and the nested r esul t <>
template that could have been defined with Proto's BOOST_PROTO EXTENDS_ FUNCTI ON() macro.

In summary, here are the macros you can use to define expression extensions, and a brief description of each.
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Table 2. Expression Extension M acros

Macro

BOOST_PROTO_BASI C_EXTENDS(
expressi on
ext ensi on
domai n

BOOST_PROTO_EXTENDS_ASSI GN()

BOOST_PROTO_EXTENDS_SUBSCRI PT()

BOOST_PROTO_EXTENDS_FUNCTI ON()

BOOST_PROTO_EXTENDS(
expressi on
ext ensi on
domai n

Purpose

Defines a data member of type expr essi on and some nested
typedefs that Proto requires.

Defines operator=. Only valid when preceded by
BOOST_PROTO_BASI C_EXTENDS() .

Defines operator[]. Only valid when preceded by
BOOST_PROTO_BASI C_EXTENDS() .

Definesoper at or () andanestedr esul t <>templatefor return
type caculation. Only vaid when preceded by
BOOST_PROTO_BASI C_EXTENDS() .

Equivalent to:

BOOST_PROTO_BASI C_EXTENDS( expr essi on, exten[
si on, donain)

BOOST_PROTO_EXTENDS_ASSI G\( )
BOOST_PROTO_EXTENDS_SUBSCRI PT()

BOOST_PROTO_EXTENDS_FUNCTI ON()
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Warning
Argument-Dependent L ookup and BOOST_PROTO_EXTENDS( )
Proto's operator overloads are defined in the boost : : pr ot o namespace and are found by argument-dependent

lookup (ADL). This usually just works because expressions are made up of types that live in the boost : : prot o
namespace. However, sometimes when you use BOOST_PROTO_EXTENDS( ) that is not the case. Consider:

tenpl at e<cl ass T>
struct my_conpl ex

{
BOOST_PROTO_EXTENDS(
typenane proto::ternnal <std::conpl ex<T> >::type
ny_conpl ex<T>
proto::default_domain
)
b
int main()
{
ny_conpl ex<i nt> ¢0, cl;
cO0 + cl; // ERROR operator+ not found
}

The problem hasto do with how argument-dependent |ookup works. Thetypeny_conpl ex<i nt > isnot associated
inany way withtheboost : : pr ot o namespace, so the operators defined there are not considered. (Had we inherited
frompr ot o: : ext ends<>instead of used BOOST_PROTO_EXTENDS( ) , wewould have avoided the problem because
inheriting from atypein boost : : pr ot o namespace is enough to get ADL to kick in.)

So what can we do? By adding an extra dummy template parameter that defaults to atypein the boost : : prot o
namespace, we can trick ADL into finding the right operator overloads. The solution looks like this:

tenmpl ate<class T, class Dunmy = proto::is_proto_expr>
struct my_conpl ex

{
BOOST_PROTO_EXTENDS(
typenanme proto::termnal <std::conpl ex<T> >::type
ny_conpl ex<T>
proto::defaul t_domain
)
b
int main()
{
ny_conpl ex<i nt> c0, c1,
cO + cl; // OK, operator+ found now
}

Thetypepr ot o: :is_proto_expr isnothing but an empty struct, but by making it atemplate parameter we make
boost : : pr ot o an associated namespace of ny_conpl ex<i nt >. Now ADL can successfully find Proto's operator
overloads.

Expression Generators

The last thing that remains to be done isto tell Proto that it needs to wrap all of our calculator expressionsin our cal cul at or <>
wrapper. We have aready wrapped the placeholders, but we want all expressions that involve the calculator placeholdersto be cal-
culators. We can do that by specifying an expression generator when we define our cal cul at or _domai n, asfollows:
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/1 Define the cal cul ator_donai n we forward-decl ared above.
/1 Specify that all expression in this donmain should be w apped
/1 in the cal cul ator<> expressi on w apper.
struct cal cul ator_donmin
proto::dommi n< proto::generator< calculator > >

i

Thefirst template parameter to pr ot o: : donai n<> isthe generator. "Generator" isjust afancy namefor afunction object that accepts
an expression and does something toit. pr ot o: : gener at or <> isavery ssimple one --- it wraps an expression in the wrapper you
specify. pr ot o: : domai n<> inherits from its generator parameter, so all domains are themselves function objects.

If weused BOOST_PROTO_EXTENDS( ) to keep our expression extension type POD, thenweneed to usepr ot o: : pod_gener at or <>
instead of pr ot o: : gener at or <>, asfollows:

/'l 1f cal cul ator<> uses BOOST_PROTO EXTENDS() i nstead of
/'l use proto::extends<> use proto::pod_generator<> instead
/'l of proto::generator<>,
struct cal cul ator_donmin
proto::domai n< proto::pod_generator< calculator > >

i

After Proto has calculated a new expression type, it checks the domains of the child expressions. They must match. Assuming they
do, Proto creates the new expression and passes it to Domai n: : oper at or () for any additional processing. If we don't specify a
generator, the new expression gets passed through unchanged. But since we've specified a generator above, cal cul at or _do-
mai n: : operator () returnscal cul at or <> objects.

Now we can use calculator expressions as function objectsto STL agorithms, as follows:

double datal[] = {1., 2., 3., 4.};

/1 Use the calculator EDSL to square each elenment ... WORKS! :-)
std::transform data, data + 4, data, _1 * _1);

Controlling Operator Overloads

By default, Proto defines every possible operator overload for Protofied expressions. This makesit simple to bang together an EDSL.
In some cases, however, the presence of Proto's promiscuous overloads can lead to confusion or worse. When that happens, you'll
have to disable some of Proto's overloaded operators. That is done by defining the grammar for your domain and specifying it asthe
second parameter of the pr ot o: : donai n<> template.

In the Hello Calculator section, we saw an example of a Proto grammar, which is repeated here:

/'l Define the granmar of cal cul ator expressions
struct cal cul at or _grammar
proto::or_<

proto::plus< cal cul ator_gramar, cal cul ator_granmar >
proto::mnus< cal cul ator_grammar, cal cul ator_gramar >
proto::nmultiplies< cal cul ator_grammar, cal cul ator_gramar >
proto::divides< cal cul ator_grammar, cal cul ator_granmmar >
proto::termnal < proto::_ >

i

WEe'll have much more to say about grammars in subsequent sections, but for now, we'll just say that the cal cul at or _gr anmar
struct describes a subset of all expression types -- the subset that comprise valid calculator expressions. We would like to prohibit
Proto from creating a calculator expression that does not conform to this grammar. We do that by changing the definition of the
cal cul at or _donai n struct.
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/1 Define the cal cul ator_donain. Expressions in the calcul ator
/1 domain are w apped in the cal cul ator<> wapper, and they nust
/'l conformto the cal cul ator_granmar:
struct cal cul ator_donmin
proto::domai n< proto::generator< calculator > calculator_grammar >

i

The only new additioniscal cul at or _gramar as the second template parameter to the pr ot o: : domai n<> template. That has
the effect of disabling any of Proto's operator overloads that would create an invalid calculator expression.

Another common use for this feature would be to disable Proto's unary oper at or & overload. It may be surprising for users of your
EDSL that they cannot take the address of their expressions! You can very easily disable Proto's unary oper at or & overload for
your domain with a very simple grammar, as below:

/'l For expressions in ny_donain, disable Proto's
/1 unary address-of operator.
struct my_donain
pr ot o: : domai n<
proto::generator< ny_w apper >
/'l A sinple granmar that matches any expression that
/1 is not a unary address-of expression.
proto::not_< proto::address_of< _ > >

i

Thetypeproto: : not _< proto::address_of < _ > >isavery smplegrammar that matchesall expressionsexcept unary address-
of expressions. In the section describing Proto's intermediate form, we'll have much more to say about grammars.

Controlling How Child Expressions Are Captured

S Note
Thisis an advanced topic. Feel freeto skip thisif you're just getting started with Proto.

Proto's operator overloads build expressions from sub-expressions. The sub-expressions become children of the new expression. By
default, the children are stored in the parent by reference. This section describes how to change that default.

Primer: as_chi | d vs. as_expr

Proto lets you independently customize the behavior of prot o: : as_chi | d() and prot o: : as_expr () . Both accept an object x
and return a Proto expression by turning x it into a Proto terminal if necessary. Although similar, the two functions are used in dif-
ferent situations and have subtly different behavior by default. 1t's important to understand the difference so that you know which
to customize to achieve the behavior you want.

Towit: proto: : as_expr () istypically used by you to turn an object into a Proto expression that isto be held in alocal variable,
as so:

auto | = proto::as_expr(x); // Turn x into a Proto expression, hold the result in a |ocal

The above worksregardless of whether x isalready aProto expression or not. Theobject | isguaranteed to be avalid Proto expression.
If x is a non-Proto object, it is turned into a terminal expression that holds x by value? If x is a Proto object already,
proto::as_expr () returnsit by value unmodified.

2It'snot always possible to hold something by value. By default, pr ot 0: : as_expr () makes an exception for functions, abstract types, and iostreams (types
derived from st d: : i 0Ss_base). These objects are held by reference. All others are held by value, even arrays.
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Incontrast, pr ot o: : as_chi | d() isusedinternaly by Proto to pre-process objects before making them children of another expression.
Sinceit'sinternal to Proto, you don't see it explicitly, but it's there behind the scenes in expressions like this:

X +y; /] Consider that y is a Proto expression, but x nay or nay not be.

In this case, Proto builds a plus node from the two children. Both are pre-processed by passingthemto pr ot o: : as_chi | d() before
making them children of the new node. If x isnot a Proto expression, it becomes one by being wrapped in a Proto terminal that holds
it by reference. If x isalready a Proto expression, prot o: : as_chi | d() returnsit by reference unmodified. Contrast this with the
above description for pr ot o: : as_expr () .

The table below summarizes the above description.
Table 3. proto::as_expr() vs. proto::as_child()
Function Whent isnot a Proto expr... Whent isaProtoexpr...

proto::as_expr(t) Return (by value) a new Proto terminal  Returnt by value unmodified.
holding t by value.

proto::as_child(t) Return (by value) a new Proto terminal  Returnt by reference unmodified.
holding t by reference.

g Note

There is one important place where Proto uses both as_expr and as_chi | d: proto: : nake_expr (). The
proto: : make_expr () function requires you to specify for each child whether it should be held by value or by
reference. Proto usespr ot o: : as_expr () to pre-processthe childrento beheld by value, and pr ot o: : as_chi | d()
for the ones to be held by reference.

Now that you know what pr ot o: : as_chi | d() and prot o: : as_expr () are, where they are used, and what they do by defaullt,
you may decide that one or both of these functions should have different behavior for your domain. For instance, given the above
description of prot o: : as_chi | d() , thefollowing code is always wrong:

proto::literal<int>i(0);
auto | =i + 42; // This is WRONG Don't do this.

Why isthiswrong? Because pr ot o: : as_chi | d() will turn the integer literal 42 into a Proto terminal that holds a reference to a
temporary integer initialized with 42. The lifetime of that temporary ends at the semicolon, guaranteeing that the local | is left
holding adangling reference to adeceased integer. What to do? One answer isto usepr ot o: : deep_copy() . Another isto customize
the behavior of prot o: : as_chi I d() for your domain. Read on for the details.

Per-Domain as_chi | d

To control how Proto builds expressions out of sub-expressions in your domain, define your domain as usual, and then define a
nested as_chi | d<> classtemplate within it, as follows:
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cl ass ny_donai n
. proto::domai n< nmy_generator, my_granmar >

{
/1l Here is where you define how Proto should handl e
/'l sub-expressions that are about to be glomed into
/1 a larger expression.
tenpl ate< typename T >
struct as_child
{
t ypedef unspecified-Proto-expr-type result_type;
result_type operator()( T &t ) const
{
return unspecifi ed- Proto-expr-object;
}
b
b

There's one important thing to note: in the above code, the template parameter T may or may not be a Proto expression type, but the
result must be a Proto expression type, or areference to one. That means that most user-defined as_chi | d<> templates will need
to check whether T is an expression or not (using prot o: : i s_expr <>), and then turn non-expressions into Proto terminals by
wrappingthemasproto: :termnal< /* ... */ >::type or equivaent.

Per-Domain as_expr

Although less common, Proto also lets you customize the behavior of pr ot o: : as_expr () on aper-domain basis. The technique
isidentical to that for as_chi | d. See below:

cl ass ny_donai n
: proto::domai n< my_generator, my_granmar >
{
/1l Here is where you define how Proto should handl e
/'l objects that are to be turned into expressions
/1 fit for storage in local variables.
tenpl ate< typenanme T >
struct as_expr

{
t ypedef unspecified-Proto-expr-type result_type;

result_type operator()( T &t ) const
{

}

return unspecifi ed- Proto-expr-object;

Making Proto Expressions aut o-safe

Let'slook again at the problem described above involving the C++11 aut o keyword and the default behavior of prot o: : as_chi 1 d() .

proto::literal<int>i(0);
auto | =i + 42; // This is WRONG Don't do this.

Recall that the problem isthelifetime of thetemporary integer created to hold the value 42. Thelocal | will beleft holding adangling
reference to it after itslifetimeis over. What if we want Proto to make expressions safe to store thisway in local variables? We can
do so very easily by making prot o: : as_chi | d() behavejustlikeprot o: : as_expr (). Thefollowing code achieves this:
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tenpl ate< typenane E >
struct my_expr;

struct my_generator
proto::pod_generator< ny_expr >

0

struct my_donain
proto::domai n< nmy_generator >

{
/'l Make as_child() behave |ike as_expr() in ny_donain
/1 (proto_base donmmin is a typedef for proto::domai n< ny_generator >
/1 that is defined in proto::donain<>.)
tenpl ate< typenane T >
struct as_child
proto_base_domain::as_expr< T >
{}
b

tenpl ate< typenane E >
struct my_expr

{
BOOST_PROTO_EXTENDS( E, ny_expr< E >, ny_domain )
b
[* o0
proto::literal< int, ny_domain > i(0);
auto | =1 + 42; // OK! Everything is stored by value here.

Notice that my_domai n: : as_chi | d<> simply defers to the default implementation of as_expr <> found in pr ot o: : donai n<>.
By simply cross-wiring our domain'sas_chi | d<>toas_expr <>, we guarantee that all terminalsthat can be held by value are, and
that all child expressions are also held by value. Thisincreases copying and may incur aruntime performance cost, but it eliminates
any spector of lifetime management issues.

For another example, see the definition of | | domai ninl i bs/ pr ot o/ exanpl e/ | anbda. hpp. That example is a complete reim-
plementation of the Boost LambdaLibrary (BLL) on top of Boost.Proto. Thefunction objectsthe BLL generates are safe to be stored
in local variables. To emulate this with Proto, thel | domai n cross-wiresas_chi | d<>to as_expr <> as above, but with one extra
twist: objects with array type are also stored by reference. Check it out.

EDSL Interoperatability: Sub-Domains

E Note
Thisis an advanced topic. Fedl freeto skip thisif you're just getting started with Proto.

The ability to compose different EDSLs is one of their most exciting features. Consider how you build a parser using yacc. You
write your grammar rules in yacc's domain-specific language. Then you embed semantic actions written in C within your grammar.
Boost's Spirit parser generator givesyou the same ability. You write grammar rules using Spirit.Qi and embed semantic actionsusing
the Phoenix library. Phoenix and Spirit are both Proto-based domai n-specific languages with their own distinct syntax and semantics.
But you can freely embed Phoenix expressions within Spirit expressions. This section describes Proto's sub-domain feature that lets
you define families of interoperable domains.

Dueling Domains

When you try to create an expression from two sub-expressionsin different domains, what isthe domain of the resulting expression?
Thisisthe fundamental problem that is addressed by sub-domains. Consider the following code:
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#i ncl ude <boost/ proto/ proto. hpp>
namespace proto = boost:: proto;

/'l Forward-declare two expression w appers
tenpl at e<typenane E> struct spirit_expr;
tenpl at e<t ypenane E> struct phoeni x_expr;

/| Define two domains
struct spirit_domain : proto::domain<proto::generator<spirit_expr> > {};
struct phoeni x_domain : proto::domai n<proto::generator<phoeni x_expr> > {};

/'l 1nplenent the two expression w appers
t enpl at e<t ypenane E>
struct spirit_expr
proto::extends<E, spirit_expr<E> spirit_domai n>

{
I

spirit_expr(E const & = E()) : spirit_expr::proto_extends(e) {}

t enpl at e<t ypenane E>
struct phoeni x_expr
proto: : extends<E, phoeni x_expr<E> phoeni x_donai n>

{
phoeni x_expr (E const & = E()) : phoeni x_expr::proto_extends(e) {}
b
int main()
{
proto::literal<int, spirit_domain> sp(0);
proto::literal <int, phoenix_donain> phx(0);
/1 \Whoops! What does it nean to add two expressions in different donmi ns?
sp + phx; // ERROR
}

Above, we define two domains called spi ri t _donai n and phoeni x_domai n and declaretwo int literals in each. Then wetry to
compose them into a larger expression using Proto's binary plus operator, and it fails. Proto can't figure out whether the resulting
expression should be in the Spirit domain or the Phoenix domain, and thus whether it should be an instance of spi rit _expr <> or
phoeni x_expr <>. We have to tell Proto how to resolve the conflict. We can do that by declaring that Phoenix is a sub-domain of
Spirit asin the following definition of phoeni x_domai n:

/1 Declare that phoenix_domain is a sub-domain of spirit_domain
struct phoeni x_domai n
pr ot o: : domai n<pr ot o: : gener at or <phoeni x_expr>, proto::_, spirit_domai n>

0

The third template parameter to pr ot o: : domai n<> is the super-domain. By defining phoeni x_domai n as above, we are saying
that Phoenix expressions can be combined with Spirit expressions, and that when that happens, the resulting expression should be
a Spirit expression.

S Note
If you are wondering what the purpose of pr ot o: : _isinthe definition of phoeni x_donai n above, recall that the
second template parameter to pr ot o: : domai n<>isthedomain'sgrammar. “pr ot o: : _" isthedefault and signifies
that the domain places no restrictions on the expressions that are valid within it.

29

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.Proto

Domain Resolution

When there are multiple domains in play within a given expression, Proto uses some rules to figure out which domain "wins'. The
rules are loosely modeled on the rules for C++ inheritance. Phoeni x_donai n isasub-domain of spi rit _domai n. You can liken
that to a derived/base relationship that gives Phoenix expressions a kind of implicit conversion to Spirit expressions. And since
Phoenix expressions can be "converted" to Spirit expressions, they can be freely combined with Spirit expressions and the result is
a Spirit expression.

S Note
Super- and sub-domains are not actually implemented using inheritance. Thisis only a helpful mental model.

Theanal ogy with inheritance holds even in the case of three domainswhen two are sub-domains of the third. |magine another domain
called f oobar _domai n that was also a sub-domain of spi rit _domai n. Expressionsin the f oobar _domai n could be combined
with expressionsinthephoeni x_domai n and the resulting expression would beinthespi ri t _domai n. That's because expressions
in the two sub-domains both have "conversions" to the super-domain, so the operation is allowed and the super-domain wins.

The Default Domain

When you don't assign a Proto expression to a particular domain, Proto considers it a member of the so-called default domain,
prot o: : def aul t _domai n. Even non-Proto objects are treated as terminalsin the default domain. Consider:

int main()

{

proto::literal<int, spirit_domain> sp(0);

/1 Add 1 to a spirit expression. Result is a spirit expression.
sp + 1;

Expressions in the default domain (or non-expressions like 1) have akind of implicit conversion to expressions every other domain
type. What's more, you can define your domain to be a sub-domain of the default domain. In so doing, you give expressions in your
domain conversions to expressions in every other domain. Thisislike a“freelove’ domain, becauseit will freely mix with all other
domains.

Let's think again about the Phoenix EDSL. Since it provides generally useful lambda functionality, it's reasonable to assume that
lots of other EDSL s besides Spirit might want the ability to embed Phoenix expressions. In other words, phoeni x_domai n should
be a sub-domain of prot o: : def aul t _domai n,notspirit_domai n:

/1 Declare that phoenix_domain is a sub-domain of proto::default_donain
struct phoeni x_domai n
prot o: : domai n<prot o: : gener at or <phoeni x_expr>, proto::_, proto::default_domain>

{1

That's much better. Phoenix expressions can now be put anywhere.
Sub-Domain Summary

Use Proto sub-domainsto makeit possible to mix expressions from multiple domains. And when you want expressionsin your domain
to freely combine with all expressions, make it a sub-domain of pr ot o: : def aul t _donai n.

Adapting Existing Types to Proto

The preceding discussions of defining Proto front ends have all made abig assumption: that you have the luxury of defining everything
from scratch. What happens if you have existing types, say a matrix type and a vector type, that you would like to treat as if they
were Proto terminals? Proto usually trades only in its own expression types, but with BOOST_PROTO_DEFI NE_OPERATORS( ) , it
can accomodate your custom terminal types, too.
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Let's say, for instance, that you have the following types and that you can't modify then to make them “native” Proto terminal types.

namespace nmath

{
/1 A matrix type ...
struct matrix { /*...*/ };
/1 A vector type ...
struct vector { /*...*] };
}

You can non-intrusively make objects of these types Proto terminals by defining the proper operator overloads using
BOOST_PROTO_DEFI NE_OPERATORS( ) . The basic procedure is as follows:

1. Define atrait that returns true for your types and false for al others.

2. Reopen the namespace of your typesand use BOOST_PROTO _DEFI NE_OPERATORS( ) to defineaset of operator overloads, passing
the name of the trait as the first macro parameter, and the name of a Proto domain (e.g., pr ot o: : def aul t _donwi n) as the
second.

The following code demonstrates how it works.

nanespace nath

{
t enpl at e<t ypenane T>
struct is_termnal
: npl::false_
{}
/1 OK, "matrix" is a customtermnal type
tenpl at e<>
struct is_term nal <matri x>
compli:true_
{}
/1 OK, "vector" is a customtermnal type
tenpl at e<>
struct is_term nal <vector>
compli:true_
{}
/1 Define all the operator overloads to construct Proto
/'l expression tenplates, treating "matrix" and "vector"
/1 objects as if they were Proto terninals.
BOOST_PROTO_DEFI NE_OPERATORS(i s_term nal, proto::default_domain)
}

Theinvocation of the BOOST_PROTO _DEFI NE_OPERATORS() macro defines acomplete set of operator overloads that treat mat r i x
and vect or objectsasif they were Proto terminals. And since the operators are defined in the same namespace asthemat ri x and
vect or types, the operators will be found by argument-dependent lookup. With the code above, we can now construct expression
templates with matrices and vectors, as shown below.

mat h: :matrix ni;
mat h: : vector vi1;
proto::literal<int>i(0);

mL * 1; // customtermnal and literals are K
mL * i; // customterm nal and Proto expressions are OK
mL * vl; // two customternm nals are OK, too.
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Generating Repetitive Code with the Preprocessor

Sometimes as an EDSL designer, to make the lives of your users easy, you have to make your own life hard. Giving your users nat-
ural and flexible syntax often involves writing large numbers of repetitive function overloads. It can be enough to give you repetitive
stressinjury! Before you hurt yourself, check out the macros Proto provides for automating many repetitive code-generation chores.

Imaginethat we arewriting alambda EDSL, and we would like to enable syntax for constructing temporary objects of any type using
the following syntax:

/1 A lanbda expression that takes two argunents and
/'l uses themto construct a tenporary std::conpl ex<>
construct< std::conplex<int> >( _1, _2)

For the sake of the discussion, imagine that we already have afunction object templateconst r uct _i npl <> that accepts arguments
and constructs new objects from them. We would want the above lambda expression to be equivalent to the following:

/'l The above | anbda expression should be roughly equival ent

/1 to the follow ng:

proto:: make_expr<proto::tag::function>(
construct _i npl <std: :conmplex<int> >() // The function to invoke lazily
boost::ref(_1) /1 The first argunment to the function
boost::ref(_2) /'l The second argunent to the function

We can define our const ruct () function template as follows:

tenpl at e<typenane T, typenanme A0, typenane Al>
typename proto::result_of:: mke_expr<
proto::tag::function
, construct _i npl <T>
, A0 const &
, Al const &
> type const
construct (A0 const &a0, Al const &al)

{
return proto::nake_expr<proto::tag::function>(
construct _i npl <T>()
, boost: :ref(a0)
, boost::ref(al)
)i
}

Thisworks for two arguments, but we would like it to work for any number of arguments, up to ( BOOST_PROTO_MAX_ARI TY - 1).
(Why "- 1"? Because one child is taken up by the construct_inpl <T>() termina leaving room for only (
BOOST_PROTO_MAX_ARI TY - 1) other children.)

For cases like this, Proto provides the BOOST_PROTO_REPEAT() and BOOST_PROTO _REPEAT_FROM TQ() macros. To use it, we
turn the function definition above into a macro as follows:
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#define MO(N, typenane_A, A const_ref, A const_ref_a, ref_a)
tenpl ate<typenane T, typename_A(N) >
typenane proto::result_of:: mke_expr<
proto::tag::function
construct _i npl <T>
A const_ref(N)
>::type const
construct (A const _ref_a(N))

P e

{
return proto::nmake_expr<proto::tag::function>(
construct _i npl <T>()
ref _a(N)
)
}

Notice that we turned the function into a macro that takes 5 arguments. The first is the current iteration number. The rest are the
names of other macros that generate different sequences. For instance, Proto passes as the second parameter the name of a macro
that will expandtotypename AO, typenane Al,

Now that we have turned our function into amacro, we can passthe macro to BOOST_PROTO_REPEAT_FROM T(Q() . Protowill invoke
it iteratively, generating al the function overloads for us.

/'l Generate overloads of construct() that accept from
/1 1 to BOOST_PROTO MAX _ARI TY-1 argunents:
BOOST_PROTO REPEAT _FROM TQ(1, BOOST_PROTO MAX_ARI TY, M)
#undef M

Non-Default Sequences

As mentioned above, Proto passes as the last 4 arguments to your macro the names of other macros that generate various segquences.
ThemacrosBOOST_PROTO_REPEAT() and BOOST_PROTO REPEAT_FROM TQ() select defaultsfor these parameters. If the defaults
do not meet your needs, you can use BOOST_PROTO_REPEAT_EX() and BOOST_PROTO_REPEAT_FROM TO EX() and passdifferent
macrosthat generate different sequences. Proto definesanumber of such macrosfor use as parametersto BOOST_PROTO_REPEAT_EX()
and BOOST_PROTO_REPEAT_FROM TO EX() . Check the reference section for boost / pr ot o/ r epeat . hpp for al the details.

Also, check out BOOST_PROTO LOCAL_| TERATE() . It works similarly to BOOST_PROTO_REPEAT() and friends, but it can be
easier to use when you want to change one macro argument and accept defaults for the others.

Intermediate Form: Understanding and Introspecting Expressions

By now, you know a bit about how to build a front-end for your EDSL "compiler” -- you can define terminals and functions that
generate expression templates. But we haven't said anything about the expression templates themselves. What do they look like?
What can you do with them? In this section we'll see.

The expr<>Type

All Proto expressions are an instantiation of atemplate called pr ot o: : expr <> (or awrapper around such an instantiation). When
we define atermina as below, we arereally initializing an instance of the pr ot o: : expr <> template.

/1 Define a placehol der type
tenplate<int |>
struct pl acehol der

{1

/1 Define the Protofied placehol der termninal
proto::termnal < placehol der<0> >::type const _1 = {{}};

The actual type of _1 lookslikethis:
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proto::expr< proto::tag::termnal, proto::term< placehol der<0> > 0 >

Thepr ot 0: : expr <> templateis the most important type in Proto. Although you will rarely need to deal with it directly, it'saways
there behind the scenes holding your expression trees together. In fact, pr ot o: : expr <> is the expression tree -- branches, |eaves
and all.

The pr ot o: : expr <> template makes up the nodes in expression trees. The first template parameter is the node type; in this case,
proto::tag::ternnal.That meansthat _1 isaleaf-nodein the expression tree. The second template parameter isalist of child
types, or in the case of terminals, the terminal’s value type. Terminals will always have only one typein the type list. The last para-
meter isthe arity of the expression. Terminals have arity O, unary expressions have arity 1, etc.

Thepr ot o: : expr <> struct is defined as follows:

tenpl at e< typenane Tag, typenane Args, long Arity = Args::arity >
struct expr;

tenpl at e< typenane Tag, typenane Args >
struct expr< Tag, Args, 1 >

{
t ypedef typenane Args::childO proto_chil do;
proto_chil d0 chil do;
I

b

Thepr ot 0: : expr <> struct does not define aconstructor, or anything elsethat would prevent static initialization. All pr ot o: : expr <>
objects are initialized using aggregate initialization, with curly braces. In our example, _1 isinitialized with the initializer {{}}.
The outer braces are the initializer for the pr ot o: : expr <> struct, and the inner braces are for the member _1. chi | d0 which is of
type pl acehol der <0>. Note that we use bracesto initialize _1. chi | d0 because pl acehol der <0> is also an aggregate.

Building Expression Trees
The _1 nodeis an instantiation of pr ot o: : expr <>, and expressions containing _1 are also instantiations of pr ot o: : expr <>. To

use Proto effectively, you won't have to bother yourself with the actual typesthat Proto generates. These are details, but you're likely
to encounter these typesin compiler error messages, so it's helpful to be familiar with them. The typeslook like this:
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/1 The type of the expression -_1
t ypedef
proto: :expr<
proto::tag::negate
proto::listl<
proto: :expr<
proto::tag::termnal
proto::ternx placehol der<0> >
, 0
> const &
>
1
>

negat e_pl acehol der _t ype;
negat e_pl acehol der _type x = -_1;

/'l The type of the expression _1 + 42
t ypedef
proto: :expr<
proto::tag::plus
proto::list2<
proto: :expr<
proto::tag::termna
proto::ternx placehol der<0> >
, 0
> const &
proto: :expr<
proto::tag::termna
proto::ternx int const & >
0

>

2
>

pl acehol der _pl us_i nt _type;

pl acehol der _plus_int_type y = _1 + 42;

There are afew things to note about these types:
» Terminas have arity zero, unary expressions have arity one and binary expressions have arity two.

» When one Proto expression ismade a child node of another Proto expression, itisheld by reference, evenif itisatemporary object.
Thislast point becomes important later.

» Non-Proto expressions, such as the integer literal, are turned into Proto expressions by wrapping them in new expr <> terminal
objects. These new wrappers are not themselves held by reference, but the object wrapped is. Notice that the type of the Protofied
42 literal isi nt const &-- held by reference.

The types make it clear: everything in a Proto expression tree is held by reference. That means that building an expression tree is
exceptionally cheap. It involves no copying at all.

S Note
An astute reader will notice that the object y defined above will be left holding a dangling reference to atemporary
int. In the sorts of high-performance applications Proto addresses, it is typical to build and evaluate an expression
tree before any temporary objects go out of scope, so this dangling reference situation often doesn't arise, but it is
certainly something to be aware of. Proto provides utilities for degp-copying expression trees so they can be passed
around as value types without concern for dangling references.
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Accessing Parts of an Expression

After assembling an expression into atree, you'll naturally want to be able to do the reverse, and access a node's children. You may
even want to be able to iterate over the children with algorithms from the Boost.Fusion library. This section shows how.

Getting Expression Tags and Arities

Every node in an expression tree has both atag type that describes the node, and an arity corresponding to the number of child nodes
it has. You can usetheprot o: : t ag_of <>and proto: : ari ty_of <> metafunctions to fetch them. Consider the following:

t enpl at e<t ypenane Expr>
voi d check_pl us_node( Expr const &)

{
/1l Assert that the tag type is proto::tag::plus
BOOST_STATI C_ASSERT( (
boost::is_sane<
typenanme proto::tag_of <Expr>::type
proto::tag::plus
>::val ue
));
/1l Assert that the arity is 2
BOOST_STATI C_ASSERT( proto::arity_of <Expr>::value == 2 );
}

/1l Create a binary plus node and use check_pl us_node()
/1l to verify its tag type and arity:
check_pl us_node( proto::lit(1l) + 2 );

For a given type Expr , you could access the tag and arity directly as Expr: : prot o_t ag and Expr: : proto_ari ty, where Ex-
pr::proto_arityisan MPL Integral Constant.

Getting Terminal Values

Thereis no simpler expression than aterminal, and no more basic operation than extracting its value. As we've already seen, that is
what pr ot o: : val ue() isfor.

proto::termnal < std::ostream & >::type cout_ = {std::cout};

/1l Get the value of the cout_ termnal:
std::ostream & sout = proto::value( cout_ );

/1l Assert that we got back what we put in:
assert( &sout == &std::cout );

To compute the return type of the pr ot o: : val ue() function, you can usepr ot o: : resul t _of : : val ue<>. When the parameter
toproto::resul t_of::val ue<>isanon-reference type, the result type of the metafunction is the type of the value as suitable
for storage by value; that is, top-level reference and qualifiers are stripped from it. But when instantiated with a reference type, the
result type has a reference added to it, yielding a type suitable for storage by reference. If you want to know the actual type of the
terminal’s value including whether it is stored by value or reference, you can use f usi on: : resul t _of : : val ue_at <Expr,
0>::type.

The following table summarizes the above paragraph.
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Table 4. Accessing Value Types

M etafunction Invocation When theValue Typels... TheResult Is...

proto::result_of::value<Ex- T .
t ypenane boost: : renove_const <

pr>::type typenane boost::reld
nove_r ef erence<T>: : type
> :type @

proto::result_of::value<Expr T

typenane boost::add_referd
&: :type

ence<T>: :type

proto::result_of::value<Expr T

t ypenane boost::add_referd
const &>::type

ence<

typel
name boost: : add_const <T>::type
> itype

fusion::result of::value at<Ex- T T
pr, 0> :type

4t T is areference-to-function type, then the result typeissimply T.
Getting Child Expressions

Each non-terminal nodein an expression tree corresponds to an operator in an expression, and the children correspond to the operands,
or arguments of the operator. To access them, you can usethe prot o: : chi | d_c() function template, as demonstrated below:

proto::termnal<int> :type i = {42}

/'l Get the O-th operand of an addition operation
proto::termnal<int> :type &i = proto::child_c<0>( i + 2 );

/'l Assert that we got back what we put in:
assert( & == &ri )

You can usetheproto: :resul t _of:: chil d_c<> metafunction to get the type of the Nth child of an expression node. Usually
you don't careto know whether achild is stored by value or by reference, so when you ask for the type of the Nth child of an expression
Expr (where Expr isnot areferencetype), you get the child's type after references and cv-qualifiers have been stripped fromiit.
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t enpl at e<t ypenane Expr>
void test_result_of child_c(Expr const &expr)

{
typedef typenanme proto::result_of::child_c<Expr, 0> :type type;
/1 Since Expr is not a reference type,
/1 result_of::child _c<Expr, 0> :type is a
/'l non-cv qualified, non-reference type:
BOOST_MPL_ASSERT( (

boost::is_sane< type, proto::terninal<int> :type >

)

}

I

proto::termnal<int> :type i = {42};

test_result_of _child c( i + 2 );

However, if you ask for thetype of the Nth child of Expr &or Expr const &(notethereference), theresult typewill beareference,
regardless of whether the child is actually stored by reference or not. If you need to know exactly how the child is stored in the node,
whether by reference or by value, you can usef usi on: : resul t _of : : val ue_at <Expr, N>::type. Thefollowing table sum-
marizes the behavior of theprot o: : resul t _of : : chi | d_c<> metafunction.

Table 5. Accessing Child Types

M etafunction | nvocation When the Child Is... TheReault Is...

proto::result_of::child _c<BExpr, T

t ypenane boost: : renove_const <
N> type

typenane boost::reld
nmove_r ef erence<T>: : type
> type

proto::result_of::child _c<Expr T

typenane boost::add_referO
& N>::type

ence<T>::type

proto::result_of::child _c<Expr T

typenane boost::add_referO
const & N=>::type

ence<

typel
nane boost: : add_const <T>::type
> itype

fusion::result_of::value at<Ex- T T
pr, N>::type

Common Shortcuts

Most operatorsin C++ are unary or binary, so accessing the only operand, or theleft and right operands, are very common operations.
For thisreason, Proto providestheprot o: : chil d(),proto::left(),andproto::right() functions. proto::child() and
proto::left() are synonymous with proto::child c<0>(), and proto::right() is synonymous with
proto::child_c<1>().

There are also proto::result_of::child<> proto::result _of::left<> and proto::result_of::right<>
metafunctions that merely forward to their pr ot o: : resul t _of : : chi | d_c<> counterparts.

38

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.Proto

Deep-copying Expressions

When you build an expression template with Proto, all theintermediate child nodes are held by reference. The avoids needless copies,
which is crucial if you want your EDSL to perform well at runtime. Naturally, there is a danger if the temporary objects go out of
scope before you try to evaluate your expression template. Thisis especially aproblem in C++0x with the new decl t ype and aut o
keywords. Consider:

/1 OOPS:. "ex" is left holding dangling references
auto ex = proto::lit(l) + 2;

The problem can happen in today's C++ aso if you use BOOST_TYPEOF() or BOOST_AUTQ(), or if you try to pass an expression
template outside the scope of its constituents.

In these cases, you want to deep-copy your expression template so that al intermediate nodes and the terminals are held by value.
That way, you can safely assign the expression template to a local variable or return it from a function without worrying about
dangling references. You can do thiswith pr ot o: : deep_copy() asfollows:

/1 OK "ex" has no dangling references
auto ex = proto::deep_copy( proto::lit(1) + 2 );

If you are using Boost. Typeof, it would look like this:

/1 OK, use BOOST_AUTQ() and proto::deep_copy() to
/1 store an expression tenplate in a |ocal variable
BOOST_AUTQO( ex, proto::deep_copy( proto::lit(l) + 2 ) );

For the above code to work, you must include the boost/ proto/ proto_typeof. hpp header, which aso defines the
BOOST_PROTO_AUT(() macro which automatically deep-copies its argument. With BOOST_PROTO_AUTQ( ) , the above code can
be writen as:

/1 OK, BOOST_PROTO AUTQ() automatically deep-copies
/1 its argunent:
BOOST_PROTO AUTQ( ex, proto::lit(1l) + 2 );

When deep-copying an expression tree, all intermediate nodes and all terminals are stored by value. The only exception isterminals
that are function references, which are left alone.

g Note
proto: : deep_copy() makesno exception for arrays, which it stores by value. That can potentially cause alarge
amount of data to be copied.

Debugging Expressions

Proto provides a utility for pretty-printing expression trees that comes in very handy when you're trying to debug your EDSL. It's
called prot o: : di spl ay_expr (), and you pass it the expression to print and optionally, an st d: : ost r eamto which to send the
output. Consider:

/1l Use display_expr() to pretty-print an expression tree
proto::display_expr(

proto::lit("hello") + 42
)

The above code writes thisto st d: : cout :
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pl us(
term nal (hel | 0)
, termnal (42)

)

Inorder to cal prot o: : di spl ay_expr (), al theterminalsin the expression must be Streamable (that is, they can be writtento a
st d: : ost ream). In addition, the tag types must al be Streamable aswell. Here is an exampl e that includes a custom terminal type
and a custom tag:

/1 A customtag type that is Streamabl e
struct MyTag

{
friend std::ostream &operator<<(std::ostream &, MTag)
{
return s << "WTag";
}
b

/1 Some other Streamable type
struct MyTerm nal

{
friend std::ostream &operator<<(std::ostream &, M/Term nal)
{
return s << "MyTerm nal ";
}
b
int main()
{
/1 Display an expression tree that contains a custom
/1l tag and a user-defined type in a termnal
proto::display_expr(
proto:: make_expr<MyTag>(MTernminal ()) + 42
)
}

The above code prints the following:

pl us(
MyTag(

term nal (MyTer mi nal)
, termnal (42)
)

Operator Tags and Metafunctions

Thefollowing table lists the overloadable C++ operators, the Proto tag types for each, and the name of the metafunctions for gener-
ating the corresponding Proto expression types. And as we'll see later, the metafunctions are also usable as grammars for matching
such nodes, as well as pass-through transforms.
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Table 6. Operators, Tags and M etafunctions

Operator
unary +

unary -

unary *

unary ~

unary &

unary !

unary prefix ++
unary prefix - -
unary postfix ++
unary postfix - -
binary <<
binary >>
binary *
binary /

binary %
binary +

binary -

binary <

binary >
binary <=
binary >=
binary ==
binary ! =
binary | |
binary &&
binary &

binary |

Proto Tag
proto::tag::
proto::tag::
proto::tag:
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag:
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag:
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::

unary_pl us
negat e

s deref erence
conpl enent
addr ess_of

| ogi cal _not
pre_inc
pre_dec
post _i nc
post _dec
shift_left
:shift_right
mul tiplies
di vi des
nodul us

pl us

m nus

| ess
greater

| ess_equal
:greater_equa
equal _to
not _equal _to
| ogi cal _or

| ogi cal _and
bitw se_and

bitw se_or

Proto Metafunction

proto::
proto::
pr ot o:
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
pr ot o:
proto::
proto::
proto::
proto::
proto::

proto::

unary_pl us<>

negat e<>

. der ef er ence<>

conpl enent <>
addr ess_of <>
| ogi cal _not <>
pre_i nc<>
pre_dec<>
post _i nc<>
post _dec<>
shift_left<>
shift_right<>
mul tiplies<>
di vi des<>
nmodul us<>

pl us<>

nm nus<>

| ess<>
greater<>

| ess_equal <>

. greater_equal <>

equal _to<>

not _equal _t o<>
| ogi cal _or<>

| ogi cal _and<>
bi twi se_and<>

bitwi se_or<>
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Operator
binary »
binary ,
binary - >*
binary =
binary <<=
binary >>=
binary *=
binary / =
binary %
binary +=
binary - =
binary &=
binary | =
binary A=
binary subscript
ternary ?:

n-ary function call

Expressions as Fusion Sequences

Boost.Fusion is a library of iterators, algorithms, containers and adaptors for manipulating heterogeneous sequences. In essence, a
Proto expression is just a heterogeneous sequence of its child expressions, and so Proto expressions are valid Fusion random-access
seguences. That means you can apply Fusion algorithmsto them, transform them, apply Fusion filters and viewsto them, and access
their elementsusing f usi on: : at () . Thethings Fusion can do to heterogeneous sequences are beyond the scope of thisusers guide,
but below isasimple example. It takesalazy function invocation likef un( 1, 2, 3, 4) and usesFusion to print the function arguments

in order.

Proto Tag
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag:
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag:
proto::tag::
proto::tag::
proto::tag::
proto::tag::
proto::tag::

bitw se_xor

conma

mem ptr

assign
shift_left_assign
shift_right_assign
cmul tiplies_assign
di vi des_assi gn
nmodul us_assi gn

pl us_assi gn

nm nus_assi gn

1 bitwi se_and_assign
bitwi se_or_assign
bitwi se_xor _assign
subscri pt

if_else_

function

Proto Metafunction

pr ot o:
proto::
proto::
proto::
proto::
proto::
pr ot o:
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::

prot o:

:bitwi se_xor<>

conmma<>

mem ptr<>

assi gn<>
shift_|eft_assign<>

shift_right_assign<>

:mul tiplies_assign<>

di vi des_assi gn<>
nmodul us_assi gn<>

pl us_assi gn<>

m nus_assi gn<>

bi twi se_and_assi gn<>
bitwi se_or_assi gn<>
bi twi se_xor _assi gn<>
subscri pt <>

if _else <>

:function<>
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struct display

{
t enpl at e<t ypenane T>
voi d operator()(T const &) const
{
std::cout <<t << std::endl;
}
b

struct fun_t {};
proto::termnal <fun_t>::type const fun = {{}};

I

fusion::for_each(

fusion::transform
/'l pop_front() renoves the "fun" child
fusion::pop_front(fun(1, 2,3, 4))
/1l Extract the ints fromthe term nal nodes
proto::functional::value()

)

di splay()

Recall from the Introduction that typesin the pr ot o: : f uncti onal namespace define function objects that correspond to Proto's
freefunctions. Soprot o: : functi onal : : val ue() createsafunction object that is equivalent to the pr ot o: : val ue() function.
The above invocation of f usi on: : f or _each() displaysthefollowing:

AWN P

Terminals are also valid Fusion sequences. They contain exactly one element: their value.
Flattening Proto Expression Tress

Imagine a slight variation of the above example where, instead of iterating over the arguments of alazy function invocation, we
would like to iterate over the terminals in an addition expression:

proto::termnal<int>::type const _1 = {1};

/1 ERROR this doesn't work! Wy?
fusion::for_each(
fusion::transform
1 +2+ 3+ 4
proto::functional::val ue()
)
di splay()

Thereason thisdoesn't work isbecausetheexpression _1 + 2 + 3 + 4 doesnot describeaflat sequenceof terminals--- it describes
abinary tree. We cantreat it asaflat sequence of terminals, however, using Proto'spr ot o: : f | at t en() function.proto: : fl atten()
returns a view which makes a tree appear as a flat Fusion sequence. If the top-most node has atag type T, then the elements of the
flattened sequence are the child nodes that do not have tag type T. This processis evaluated recursively. So the above can correctly
be written as:
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proto::termnal <int>::type const _1 = {1};

/1 OK, iterate over a flattened view
fusion::for_each(
fusion::transform
proto::flatten(_1 + 2 + 3 + 4)
proto::functional::value()
)
di splay()

The above invocation of f usi on: : f or _each() displaysthefollowing:

AWN P

Expression Introspection: Defining a Grammar

Expression trees can have avery rich and complicated structure. Often, you need to know some things about an expression's structure
before you can process it. This section describes the tools Proto provides for peering inside an expression tree and discovering its
structure. And as you'll seein later sections, all the really interesting things you can do with Proto begin right here.

Finding Patterns in Expressions

Imagineyour EDSL isaminiature |/O facility, with iostream operations that execute lazily. You might want expressions representing
input operations to be processed by one function, and output operations to be processed by a different function. How would you do
that?

The answer is to write patterns (a.k.a, grammars) that match the structure of input and output expressions. Proto provides utilities
for defining the grammars, and thepr ot o: : mat ches<> templatefor checking whether a given expression type matchesthe grammar.

First, let's define some terminals we can use in our lazy 1/O expressions.

proto::termnal< std::istream& > :type cin_ = { std::cin };
proto::termnal < std::ostream & >::type cout_ = { std::cout };

Now, we can use cout _ instead of st d: : cout, and get 1/O expression trees that we can execute later. To define grammars that
match input and output expressions of theformcin_ >> i andcout _ << 1 wedothis:

struct | nput
proto::shift_right< proto::termnal< std::istream& >, proto::_ >

%

struct CQutput
proto::shift_left< proto::terminal< std::ostream & >, proto::_ >

%

We've seen the template pr ot o: : t er mi nal <> before, but here we're using it without accessing the nested : : t ype. When used
like this, it isavery simple grammar, asareprot o: : shift _ri ght <> and proto: : shift_| eft <>. The newcomer hereis_ in
the pr ot o namespace. It isawildcard that matches anything. The | nput struct isagrammar that matches any right-shift expression
that hasast d: : i st r eamterminal asits left operand.

We can use these grammarstogether with thepr ot o: : mat ches<> templateto query at compiletimewhether agiven 1/O expression
typeisan input or output operation. Consider the following:
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tenpl at e< typenanme Expr >
voi d input_output( Expr const & expr )

{
i f( proto::mtches< Expr, |nput >::value )
{
std::cout << "lInput!\n";
}
if( proto::matches< Expr, Qutput >::value )
{
std::cout << "CQutput!\n";
}
}
int main()
{
int i =0;
i nput_output( cout_ << 1 );
i nput_output( cin_ >>1i );
return O;
}

This program prints the following:

Cut put !
I nput!

If we wanted to break thei nput _out put () function into two functions, one that handles input expressions and one for output ex-
pressions, we can use boost : : enabl e_i f <>, asfollows:

tenpl at e< typename Expr >
typenanme boost::enable_if< proto::matches< Expr, |lnput > > :type
i nput _out put ( Expr const & expr )

std::cout << "Input!\n";
}
tenpl at e< typename Expr >
typenanme boost::enable_if< proto::matches< Expr, Qutput > >::type
i nput _out put ( Expr const & expr )

std::cout << "Qutput!\n";

This works as the previous version did. However, the following does not compile at al:
i nput _output( cout_ << 1 << 2 ); // oops!

What's wrong? The problem is that this expression does not match our grammar. The expression groups as if it were written like
(cout _ << 1) << 2.Itwill not matchthe Qut put grammar, which expectsthe left operand to be aterminal, not another | eft-shift
operation. We need to fix the grammar.

We notice that in order to verify an expression as input or output, we'll need to recurse down to the bottom-left-most leaf and check
thatitisastd: :istreamor std:: ostream When we get to the terminal, we must stop recursing. We can express this in our
grammar using pr ot o: : or _<>, Here are the correct | nput and Qut put grammars:
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struct | nput
proto::or_<
proto::shift_right< proto::termnal< std::istreamé& >, proto::_ >
proto::shift_right< Input, proto::_ >

{3
struct CQutput
proto::or_<

proto::shift_left< proto::ternmnal< std::ostream & >, proto::_ >
proto::shift_left< Qutput, proto::_ >

i

This may look alittle odd at first. We seem to be defining the | nput and Qut put types in terms of themselves. This is perfectly
OK, actually. At the point in the grammar that the | nput and Qut put types are being used, they areincomplete, but by the time we
actually evaluate the grammar with pr ot o: : mat ches<>, thetypeswill be complete. These are recursive grammars, and rightly so
because they must match a recursive data structure!

Matching an expression such ascout _ << 1 << 2 against the Qut put grammar procedes as follows:

1. Thefirst aternate of the pr ot o: : or _<> istried first. It will fail, because the expressioncout _ << 1 << 2 does not match the
grammar proto: : shift_|left< proto::termnal < std::ostream & >, proto::_ >.

2. Then the second alternate is tried next. We match the expression against prot o: : shift _Ieft< Qutput, proto::_ >.The
expression is aleft-shift, so we next try to match the operands.

3. Theright operand 2 matches pr ot o: : _ trivialy.

4. Toseeif theleft operandcout _ << 1 matchesQut put , we must recursively evaluatethe Qut put grammar. Thistime we succeed,
because cout _ << 1 will match thefirst alternate of thepr ot o: : or _<>.

WEe're done -- the grammar matches successfully.
Fuzzy and Exact Matches of Terminals

The terminals in an expression tree could be const or non-const references, or they might not be references at all. When writing
grammars, you usually don't have to worry about it because pr ot o: : mat ches<> gives you a little wiggle room when matching
terminals. A grammar such aspr ot o: : t er mi nal <i nt > will match aterminal of typeint,int & orint const &

You can explicitly specify that you want to match areference type. If you do, the type must match exactly. For instance, a grammar
suchasproto::termnal <int & will only matchanint & Itwill not matchanint oranint const &

The table below shows how Proto matchesterminals. Thesimpleruleis: if you want to match only reference types, you must specify
the reference in your grammar. Otherwise, leave it off and Proto will ignore const and references.
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Table 7. proto::matches<> and Reference/ CV-Qualification of Terminals

Terminal

T

T&

T const &

T

T&

T const &

T

T&

T const &

Grammar Matches?
T yes

T yes

T yes

T& no

T& yes

T& no

T const & no

T const & no

T const & yes

This begs the question: What if you want to match ani nt , but notani nt &oranint const &?For forcing exact matches, Proto
provides the pr ot o: : exact <> template. For instance, prot o: : t ermi nal < proto: : exact <i nt> > would only match ani nt

held by value.

Proto gives you extra wiggle room when matching array types. Array types match themselves or the pointer types they decay to.
Thisis especially useful with character arrays. The type returned by prot o: : as_expr ("hel | 0") isproto::termn nal <char
const [ 6] >: : type. That's a terminal containing a 6-element character array. Naturally, you can match this terminal with the
grammar prot o: : t er mi nal <char const [ 6] >, but the grammar pr ot o: : t er mi nal <char const *> will match it as well,

as the following code fragment illustrates.

struct CharString
proto::termnal < char const

0

typedef proto::termnal < char const|[6]

>

>::type char_array;

BOOST_MPL_ASSERT( ( proto::matches< char_array, CharString > ));

What if we only wanted Char St ri ng to match terminals of exactly thetypechar const *?You can usepr ot o: : exact <> here
to turn off the fuzzy matching of terminals, as follows:

struct CharString

proto::termnal < proto::exact< char const * > >

i

typedef proto::termnal <char const[6]>::type char_array;
typedef proto::termnal <char const

*>::type char_string;

BOOST_MPL_ASSERT(( proto:: matches< char_string, CharString > ));
BOOST_MPL_ASSERT_NOT(( proto:: matches< char_array, CharString > ));

Now, Char St ri ng does not match array types, only character string pointers.

The inverse problem is alittle trickier: what if you wanted to match all character arrays, but not character pointers? As mentioned
above, the expression as_expr (" hel | 0") hasthetypeproto::terminal < char const[ 6 ] >::type. If youwanted to

render
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match character arrays of arbitrary size, you could use pr ot o: : N, which is an array-size wildcard. The following grammar would
match any string literal: prot o: : terminal < char const[ proto::N] >.

Sometimes you need even more wiggle room when matching terminals. For example, maybe you're building acalculator EDSL and
you want to allow any terminalsthat are convertibleto doubl e. For that, Proto providesthepr ot o: : converti bl e_t o<>template.
Youcanuseitas: proto::termnal < proto::convertible_to< double > >,

There is one more way you can perform afuzzy match on terminals. Consider the problem of trying to match ast d: : conpl ex<>
terminal. You can easily match ast d: : conpl ex<f | oat >orast d: : conpl ex<doubl e>, but how would you match any instantiation
of st d: : conpl ex<>?You can use pr ot o: : _ here to solve this problem. Here is the grammar to match any st d: : conpl ex<>
instantiation:

struct StdConpl ex
© proto::termnal < std::conplex< proto::_ > >
{};

When given a grammar like this, Proto will deconstruct the grammar and the terminal it is being matched against and see if it can
match all the constituents.

i f_<> and_<>, and not _<>

We've already seen how to use expression generatorslikepr ot o: : t er mi nal <>andpr ot o: : shi ft_ri ght <>asgrammars. We've
also seen pr ot o: : or _<>, which we can use to express a set of alternate grammars. There are afew others of interest; in particular,
proto::if_<> proto::and_<>andproto::not_ <>

Thepr ot 0: : not _<>templateisthesimplest. It takesagrammar as atemplate parameter and logically negatesit; not _<G anmmar >
will match any expression that G anmar does not match.

Theproto::if_<>template is used together with a Proto transform that is evaluated against expression types to find matches.
(Proto transforms will be described later.)

Theprot o: : and_<> templateislike pr ot o: : or _<>, except that each argument of the pr ot o: : and_<> must match in order for
the pr ot o: : and_<> to match. As an example, consider the definition of Char St ri ng above that uses pr ot o: : exact <>. It could
have been written without pr ot o: : exact <> asfollows:

struct CharString
proto::and_<
proto::termnal < proto::_ >
, proto::if_< boost::is_sane< proto::_value, char const * >() >
>

{1

Thissaysthat aChar St ri ng must beaterminal, and itsvaluetype must bethesameaschar const *. Noticethe template argument
of proto::if_<> boost::is_sane< proto::_value, char const * >().ThisisPrototransform that comparesthevalue
type of aterminal tochar const *.

The proto: ;i f_<> template has a couple of variants. In addition to i f _<Condi ti on> you can aso say i f _<Condi ti on,
ThenG ammar > andi f _<Condi ti on, ThenG ammar, El seG anmar >. Theselet you select one sub-grammar or another based
on the Condi ti on.

Improving Compile Times With swi t ch_<>

When your Proto grammar gets large, you'll start to run into some scalability problemswith pr ot o: : or _<>, the construct you use
to specify aternate sub-grammars. First, due to limitationsin C++, pr ot o: : or _<> can only accept up to a certain number of sub-
grammars, controlled by the BOOST_PROTO_MAX_LOG CAL_ARI TY macro. This macro defaults to eight, and you can set it higher,
but doing so will aggravate another scalability problem: long compile times. With pr ot o: : or _<>, dternate sub-grammars are tried
in order -- like a series of cascadingii f 's -- leading to lots of unnecessary template instantiations. What you would prefer instead is
something likeswi t ch that avoidsthe expense of cascadingi f 's. That'sthe purpose of pr ot o: : swi t ch_<>; athough |ess convenient
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than pr ot o: : or _<>, it improves compile times for larger grammars and does not have an arbitrary fixed limit on the number of
sub-grammars.

Let'sillustrate how to use pr ot o: : swi t ch_<> by first writing a big grammar with pr ot o: : or _<> and then trandating it to an
equivalent grammar using pr ot o: : swi t ch_<>:

/1 Here is a big, inefficient granmar
struct ABi gG amar
proto::or_<
proto::termnal <int>
proto::term nal <doubl e>
proto::unary_pl us<ABi gG anmar >
prot o: : negat e<ABi gG ammar >
pr ot o: : conpl enent <ABi gG anmar >
proto: : pl us<ABi gG anmar, ABi gG anmar >
proto:: m nus<ABi gG ammar, ABi gG anmar >
proto::or_<
proto::nultiplies<ABi gG anmar, ABi gG amar >
proto::divides<ABi gG ammar, ABi gG ammar >
pr ot o: : nbdul us<ABi gGr anmar, ABi gG ammar >

i

The above might be the grammar to a more elaborate calculator EDSL. Notice that since there are more than eight sub-grammars,
we had to chain the sub-grammars with anested pr ot o: : or _<> -- not very nice.

Theideabehind pr ot o: : swi t ch_<> isto dispatch based on an expression's tag type to a sub-grammar that handles expressions of
that type. To use prot 0: : swi t ch_<>, you define a struct with a nested case_<> template, specialized on tag types. The above
grammar can be expressed using pr ot o: : swi t ch_<> asfollows. It is described below.
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/1 Redefine ABi gGrammar nore efficiently using proto::swtch_<>

struct ABi gG amar ;

struct ABi gG ammar Cases

{
/1 The primary tenpl ate matches not hi ng:
t enpl at e<t ypenane Tag>
struct case_
proto::not_<_>
{h
s

/1 Term nal expressions are handl ed here

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::tag::termnal >

proto::or_<
proto::termnal <int>
, proto::terni nal <doubl e>
>

{1

/1 Non-terminals are handled simlarly

tenpl at e<>

struct ABi gG amar Cases: : case_<proto:

proto::unary_pl us<ABi gG anmar >

{1

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::

prot o: : negat e<ABi gG ammar >

{1

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::

pr ot o: : conpl enent <ABi gG anmar >

{1

tenpl at e<>

struct ABi gG amar Cases: : case_<proto:
proto:: pl us<ABi gG anmar, ABi gG anmar >

0

tenpl at e<>

‘tag::

tag::

tag::

‘tag::

unary_pl us>

negat e>

conpl enent >

pl us>

struct ABi gG amar Cases: : case_<proto::tag::mnus>

proto:: m nus<ABi gG amar, ABi gG anmar >

{1

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::tag::nultiplies>
proto::nmultiplies<ABi gG anmar, ABi gG amar >

{1

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::tag::divides>
proto::divides<ABi gG amar, ABi gG amar >

{1

tenpl at e<>

struct ABi gG ammar Cases: : case_<proto::tag:: nodul us>
pr ot o: : nbdul us<ABi gGrammar, ABi gG ammar >

{1
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/1 Define ABigG ammar in terns of ABi gG ammar Cases
/1 using proto::switch_<>
struct ABi gG amar

proto::sw tch_<ABi gG anmar Cases>

i

Matching an expression type E against pr ot o: : swi t ch_<C> isequivalent to matching it against C. : case_<E: : prot o_t ag>. By
dispatching on the expression's tag type, we can jump to the sub-grammar that handles expressions of that type, skipping over all
the other sub-grammarsthat couldn't possibly match. If thereis no specialization of case_<> for a particular tag type, we select the
primary template. In this case, the primary template inherits from pr ot o: : not _<_> which matches no expressions.

Notice the specialization that handles terminals:

/1 Term nal expressions are handl ed here
tenpl at e<>
struct ABi gG amar Cases: : case_<proto::tag::termnal >
proto::or_<
proto::termnal <int>
proto::term nal <doubl e>

i

Theproto::tag::termnal typeby itself isn't enough to select an appropriate sub-grammar, so we use pr ot o: : or _<> to list
the alternate sub-grammars that match terminals.
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S Note
You might be tempted to define your case_<> specializationsin situ as follows:

struct ABi gG amar Cases

{
t enpl at e<t ypenane Tag>
struct case_ : proto::not_<_> {};
/1 ERROR not |egal C++
tenpl at e<>
struct case_<proto::tag::termnal >
[* o0
s

Unfortunately, for arcane reasons, it is not legal to define an explicit nested specialization in situ like this. It is,
however, perfectly legal to define partial specializationsin situ, so you can add a extra dummy template parameter
that has a default, as follows:

struct ABi gG ammar Cases

{
/1l Note extra "Dummy" tenplate paraneter here:
tenpl at e<typenane Tag, int Dumy = 0>
struct case_ : proto::not_<_> {};
/1 OK: "Dummy" nakes this a partial specialization
/'l instead of an explicit specialization.
t enpl at e<i nt Dunmmy>
struct case_<proto::tag::termnal, Dunmy>
[* o0 %
s

You might find this cleaner than defining explicit case <> specializations outside of their enclosing struct.

Matching Vararg Expressions

Not al of C++'s overloadable operators are unary or binary. Thereisthe oddball oper at or () -- the function call operator -- which
can have any number of arguments. Likewise, with Proto you may define your own "operators' that could also take more that two
arguments. As a result, there may be nodes in your Proto expression tree that have an arbitrary number of children (up to
BOOST_PROTO_MAX_ARI TY, which is configurable). How do you write a grammar to match such a node?

For such cases, Proto providesthepr ot o: : var ar g<> classtemplate. Itstemplate argument isagrammar, and thepr ot o: : var ar g<>
will match the grammar zero or more times. Consider a Proto lazy function called f un() that can take zero or more characters as
arguments, as follows:

struct fun_tag {};
struct FunTag : proto::terminal < fun_tag > {};
FunTag: :type const fun = {{}};

/1 exanpl e usage:
fun();

fun('a');
fun('a', 'b');

Below isthe grammar that matches al the allowable invocations of f un() :
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struct FunCall
proto::function< FunTag, proto::vararg< proto::termnal< char > > >

i

TheFunCal | grammar uses pr ot o: : var ar g<> to match zero or more character literals as arguments of the f un() function.

As another example, can you guess what the following grammar matches?

struct Foo
proto::or_<
proto::termnal < proto::_ >
proto::nary_expr< proto::_, proto::vararg< Foo > >

i

Here'sahint: thefirst template parameter topr ot o: : nary_expr <> representsthe node type, and any additional template parameters
represent child nodes. The answer is that this is a degenerate grammar that matches every possible expression tree, from root to
leaves.

Defining EDSL Grammars

In this section we'll see how to use Proto to define a grammar for your EDSL and use it to validate expression templates, giving
short, readable compile-time errors for invalid expressions.

You might think that thisis a backwards way of doing things. “If Proto let me select which operators to overload,
my users wouldn't be able to create invalid expressions in the first place, and | wouldn't need a grammar at all!”

That may be true, but there are reasons for preferring to do things this way.

First, it letsyou develop your EDSL rapidly -- all the operators are there for you already! -- and worry about invalid
syntax later.

Second, it might be the case that some operators are only allowed in certain contexts within your EDSL. Thisis
easy to express with agrammar, and hard to do with straight operator overloading.

Third, using an EDSL grammar to flag invalid expressions can often yield better errors than manually selecting the
overloaded operators.

Fourth, the grammar can be used for more than just validation. You can use your grammar to define tree transform-
ations that convert expression templates into other more useful objects.

If none of the above convinces you, you actually can use Proto to control which operators are overloaded within
your domain. And to do it, you need to define a grammar!

Inaprevious section, we used Proto to definean EDSL for alazily evaluated cal culator that allowed any combination of placehol ders,
floating-point literals, addition, subtraction, multiplication, division and grouping. If we were to write the grammar for this EDSL
in EBNF, it might look like this:

group = '(' expression ')’

factor = double | "_1'" | '_2" | group

term = factor (('*" factor) | ('/' factor))*
expressi on =term(('+ term | ('-' term)*

This captures the syntax, associativity and precedence rules of a calculator. Writing the grammar for our calculator EDSL using
Proto is even simpler. Since we are using C++ as the host language, we are bound to the associativity and precedence rules for the
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C++ operators. Our grammar can assume them. Also, in C++ grouping is already handled for us with the use of parenthesis, so we
don't have to code that into our grammar.

Let's begin our grammar for forward-declaring it:

struct Cal cul at or G anmar ;

It's an incompl ete type at this point, but well still be able to use it to define the rules of our grammar. Let's define grammar rulesfor
the terminals:

struct Doubl e
proto::termnal < proto::convertible_to< double > >

1

struct Pl acehol derl
proto::term nal < pl acehol der<0> >

1

struct Pl acehol der 2
proto::term nal < pl acehol der<1> >

1

struct Term nal
proto::or_< Double, Placeholderl, Placeholder2 >

1

Now let's define the rules for addition, subtraction, multiplication and division. Here, we can ignore issues of associativity and pre-
cedence -- the C++ compiler will enforce that for us. We only must enforce that the arguments to the operators must themselves
conform to the Cal cul at or G ammar that we forward-declared above.

struct Plus
proto:: plus< Cal cul ator Ganmar, Cal cul ator G amar >

i

struct M nus
proto::mnus< Cal cul atorG ammar, Cal cul ator G ammar >

0

struct Miultiplies
proto::nultiplies< Cal cul atorG anmar, Cal cul ator Ganmar >

0

struct Divides
proto::divides< Cal cul ator Gamar, Cal cul ator G ammar >

{h
Now that we've defined al the parts of the grammar, we can define Cal cul at or G ammar :

struct Cal cul at or G amar
proto::or_<
Ter m nal
Pl us
M nus
Mul tiplies
Di vi des

{h
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That's it! Now we can use Cal cul at or G anmar to enforce that an expression template conforms to our grammar. We can use
proto: : mat ches<> and BOOST_MPL_ASSERT( ) to issue readable compile-time errorsfor invalid expressions, as below:

tenpl at e< typenanme Expr >
voi d eval uate( Expr const & expr )

{
BOOST_MPL_ASSERT(( proto:: matches< Expr, Calcul atorG anmar > ));

I

Back Ends: Making Expression Templates Do Useful Work

Now that you've written the front end for your EDSL compiler, and you've learned a bit about the intermediate form it produces, it's
timeto think about what to do with the intermediate form. Thisiswhere you put your domain-specific algorithms and optimizations.
Proto gives you two ways to eval uate and manipulate expression templates: contexts and transforms.

» A context islike afunction object that you pass along with an expression to the pr ot o: : eval () function. It associates behaviors
with node types. pr ot o: : eval () walksthe expression and invokes your context at each node.

» A transformisaway to associate behaviors, not with node typesin an expression, but with rulesin a Proto grammar. In thisway,
they are like semantic actions in other compiler-construction toolkits.

Two ways to evaluate expressions! How to choose? Since contexts are largely procedural, they are a bit simpler to understand and
debug so they are a good place to start. But although transforms are more advanced, they are also more powerful; since they are as-
sociated with rules in your grammar, you can select the proper transform based on the entire structure of a sub-expression rather
than simply on the type of its top-most node.

Also, transforms have a concise and declarative syntax that can be confusing at first, but highly expressive and fungible once you
become accustomed to it. And -- this is admittedly very subjective -- the author finds programming with Proto transforms to be an
inordinate amount of fun! Your mileage may vary.

Expression Evaluation: Imparting Behaviors with a Context

Once you have constructed a Proto expression tree, either by using Proto's operator overloads or with pr ot o: : nake_expr () and
friends, you probably want to actually do something with it. The simplest option isto use pr ot o: : eval (), a generic expression
evaluator. To use pr ot o: : eval (), you'll need to define a context that tells pr ot o: : eval () how each node should be evaluated.
This section goes through the nuts and bolts of using pr ot o: : eval (), defining evaluation contexts, and using the contexts that
Proto provides.

E I Note

proto::eval () isalesspowerful but easier-to-use eval uation technique than Proto transforms, which are covered
later. Although very powerful, transforms have a steep learning curve and can be more difficult to debug.
proto::eval () isarather weak tree traversal algorithm. Dan Marsden has been working on a more general and
powerful tree traversal library. When it is ready, | anticipate that it will eliminate the need for prot o: : eval ().

Evaluating an Expression with proto:: eval ()

Synopsis:
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namespace proto

{
namespace result_of
{
/'l A nmetafunction for calculating the return
/'l type of proto::eval () given certain Expr
/'l and Context types.
t enpl at e<t ypenane Expr, typenane Context>
struct eval
{
t ypedef
typenanme Context::tenplate eval <Expr>::result_type
type;
b
}
nanespace functional
{
/1 A callable function object type for evaluating
/1 a Proto expression with a certain context.
struct eval : callable
{
t enpl at e<t ypenane Si g>
struct result;
t enpl at e<t ypenane Expr, typenane Context>
typenane proto::result_of::eval <Expr, Context>::type
operator ()(Expr &expr, Context &context) const;
t enpl at e<t ypenane Expr, typenane Context>
typenane proto::result_of::eval <Expr, Context>::type
operator ()(Expr &expr, Context const &context) const;
b
}
t enpl at e<t ypenane Expr, typenane Context>
typenane proto::result_of::eval <Expr, Context>::type
eval (Expr &expr, Context &context);
t enpl at e<t ypenane Expr, typenane Context>
typenane proto::result_of::eval <Expr, Context>::type
eval (Expr &expr, Context const &context);
}

Given an expression and an evaluation context, using pr ot o: : eval () isquite smple. Simply pass the expression and the context
toproto::eval () and it doesthe rest and returns the result. You can use the eval <> metafunction in the prot o: : resul t _of
namespace to compute the return type of pr ot o: : eval () . The following demonstrates ause of pr ot o: : eval ():

t enpl at e<t ypenane Expr>
typename proto::result_of::eval <Expr const, MContext>::type
MyEval uat e( Expr const &expr)

{
/1 Some user-defined context type
MyCont ext ctXx;
/1 Evaluate an expression with the context
return proto::eval (expr, ctx)
}

What pr ot o: : eval () doesisalsovery simple. It defersmost of the work to the context itself. Here essentially isthe implementation
of proto::eval ():
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/'l eval () dispatches to a nested "eval <>" function
/1 object within the Context:

t enpl at e<t ypenane Expr, typenane Context>
typenanme Context::tenplate eval <Expr>::result_type
eval (Expr &expr, Context &ctx)

{
typenanme Context::tenpl ate eval <Expr> eval _fun;
return eval _fun(expr, ctx);

Redlly, prot o: : eval () isnothing more than athin wrapper that dispatches to the appropriate handler within the context class. In
the next section, we'll see how to implement a context class from scratch.

Defining an Evaluation Context

Aswe saw in the previous section, there is really not much to the pr ot o: : eval () function. Rather, al the interesting expression
evaluation goes on within a context class. This section shows how to implement one from scratch.

All context classes have roughly the following form:

/1 A prototypical user-defined context.
struct MyCont ext

{

/'l A nested eval <> class tenplate

t enpl at e<
t ypename Expr
typenanme Tag = typenane proto::tag_of <Expr>::type

>

struct eval;

/1 Handl e termi nal nodes here...

t enpl at e<t ypenane Expr>

struct eval <Expr, proto::tag::termnal>

{
/1 Must have a nested result_type typedef.
typedef ... result_type;
/1 Miust have a function call operator that takes
/1 an expression and the context.
result_type operator()(Expr &expr, MContext &ctx) const
{

return ...;

}

b

/1 ... other specializations of struct eval<> ...

b

Context classes are nothing more than a collection of specializations of anested eval <> classtemplate. Each specialization handles
adifferent expression type.

Inthe Hello Calculator section, we saw an example of auser-defined context classfor eval uating cal cul ator expressions. That context
class was implemented with the help of Proto'spr ot o: : cal | abl e_cont ext <>. If wewereto implement it from scratch, it would
look something like this:
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/'l The cal cul ator_context fromthe "Hello Cal cul ator"” section,
/1 inplemented from scratch.
struct cal cul at or _cont ext

{
/1 The values with which we'll replace the placehol ders
st d: : vector <doubl e> args;
tenpl at e<
t ypenanme Expr
/1 defaulted tenplate paraneters, so we can
/'l specialize on the expressions that need
/'l special handling.
typenane Tag = typenane proto::tag_of <Expr>::type
typenane Arg0 = typenane proto::child_c<Expr, 0> :type
>
struct eval;
/1 Handl e pl acehol der term nals here...
t enpl at e<typenane Expr, int |>
struct eval <Expr, proto::tag::termnal, placeholder<l> >
{
typedef double result_type;
result _type operator()(Expr & MContext &ctx) const
{
return ctx.args[I];
}
s
/'l Handl e other term nals here...
t enpl at e<t ypenane Expr, typenane Arg0>
struct eval <Expr, proto::tag::termnal, Arg0>
{
typedef double result_type;
result _type operator()(Expr &expr, M/Context &) const
{
return proto::child(expr);
}
s
/1 Handl e addition here...
t enpl at e<t ypenane Expr, typenane Arg0>
struct eval <Expr, proto::tag::plus, Arg0>
{
typedef double result_type;
result _type operator()(Expr &expr, MContext &ctx) const
{
return proto::eval (proto::left(expr), ctx)
+ proto::eval (proto::right(expr), ctx);
}
s
/1 ... other eval <> specializations for other node types ...
s

Now we can use pr ot o: : eval () with the context class above to evaluate calculator expressions as follows:
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/'l Evaluate an expression with a cal cul ator_cont ext
cal cul ator _context ctx

ctx. args. push_back(5);

ctx. args. push_back(6);

double d = proto::eval (_1 + _2, ctx)

assert (11 == d);

Defining acontext from scratch thisway istediousand verbose, but it gives you compl ete control over how the expression is eval uated.
The context classin the Hello Calculator example was much simpler. In the next section we'll see the helper class Proto providesto
ease the job of implementing context classes.

Proto's Built-In Contexts

Proto provides some ready-made context classes that you can use as-is, or that you can use to help while implementing your own
contexts. They are:

def aul t _cont ext An evaluation context that assigns the usual C++ meaningsto al the operators. For example, addition
nodes are handled by evaluating the left and right children and then adding the results. The
proto: : def aul t _cont ext uses Boost.Typeof to deduce the types of the expressionsit evaluates.

nul | _cont ext A simple context that recursively evaluates children but does not combine the results in any way and
returns void.

cal | abl e_cont ext <> A helper that simplifiesthejob of writing context classes. Rather than writing template specializations,
with prot o: : cal | abl e_cont ext <> you write a function object with an overloaded function call
operator. Any expressions not handled by an overload are automatically dispatched to adefault evaluation
context that you can specify.

defaul t _cont ext

Theproto: : def aul t _cont ext isan evaluation context that assigns the usual C++ meanings to all the operators. For example,
addition nodes are handled by evaluating the left and right children and then adding the results. The pr ot o: : def aul t _cont ext
uses Boost. Typeof to deduce the types of the expressions it evaluates.

For example, consider the following "Hello World" example:

#i ncl ude <i ostreanr

#i ncl ude <boost/ proto/ proto. hpp>

#i ncl ude <boost/ prot o/ context. hpp>

#i ncl ude <boost/typeof/std/ ostream hpp>
usi ng nanmespace boost;

proto::termnal< std::ostream & >::type cout_ = { std::cout }

tenpl at e< typenanme Expr >
voi d eval uate( Expr const & expr )

{
/1 Evaluate the expression wth default_context,
/1l to give the operators their C++ neanings:
proto::default_context ctx;
proto::eval (expr, ctx)

}

int main()

{
evaluate( cout_ << "hello" << ',' << " world" );
return O;

}

This program outputs the following:
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hello, world

proto::defaul t _context istrivialy defined in terms of adef aul t _eval <> template, asfollows:

/1 Definition of default_ context
struct default_context

{
t enpl at e<t ypenane Expr>
struct eval
default _eval <
Expr
default _context const
typenane tag_of <Expr>::type
>
{h
s

There are a bunch of def aul t _eval <> specializations, each of which handles a different C++ operator. Here, for instance, is the
specialization for binary addition:

/'l A default expression evaluator for binary addition
t enpl at e<t ypenane Expr, typenane Context>
struct default_eval <Expr, Context, proto::tag::plus>

{
private:
static Expr & s_expr;
static Context & s_ctx;
publi c:
t ypedef
decl type(
proto::eval (proto::child_c<0>(s_expr), s_ctx)
+ proto::eval (proto::child_c<l>(s_expr), s_ctx)
)
result_type;
result _type operator ()(Expr &expr, Context &ctx) const
{
return proto::eval (proto::child_c<0>(expr), ctx)
+ proto::eval (proto::child_c<l>(expr), ctx);
}
|

The above code uses decl t ype to calculate the return type of the function call operator. decl t ype is anew keyword in the next
version of C++ that gets the type of any expression. Most compilers do not yet support decl t ype directly, so def aul t _eval <>
uses the Boost. Typeof library to emulate it. On some compilers, that may mean that def aul t _cont ext either doesn't work or that
it requires you to register your types with the Boost. Typeof library. Check the documentation for Boost. Typeof to see.

nul | _cont ext

Theproto: : nul | _cont ext <> isasimple context that recursively evaluates children but does not combine the results in any way
and returnsvoid. It isuseful in conjunction with cal | abl e_cont ext <>, or when defining your own contexts which mutate an ex-
pression tree in-place rather than accumulate aresult, as we'll see below.

proto::null_context<>istrivialy implemented in terms of nul | _eval <> asfollows:
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/1 Definition of null_context
struct null_context

{
t enpl at e<t ypenane Expr>
struct eval
: null _eval <Expr, null _context const, Expr::proto_arity::value>
{3
b

Andnul | _eval <>isalso trivialy implemented. Here, for instanceisabinary nul | _eval <>:

/1 Binary null_eval <>
t enpl at e<t ypenane Expr, typenane Context >
struct null_eval <Expr, Context, 2>

{
t ypedef void result_type;
voi d operator () (Expr &expr, Context &ctx) const
{
proto::eval (proto::child_c<0>(expr), ctx);
proto::eval (proto::child_c<l>(expr), ctx);
}
s

When would such classes be useful? Imagine you have an expression tree with integer terminals, and you would like to increment
each integer in-place. You might define an evaluation context as follows:

struct increnent_ints
{
/'l By default, just evaluate all children by del egating
/1 to the null_eval <>
t enpl at e<t ypename Expr, typename Arg = proto::result_of::child<Expr>::type>
struct eval
nul | _eval <Expr, increnent_ints const>

{1

/'l Increnent integer terminals
t enpl at e<t ypenane Expr>
struct eval <Expr, int>

{
typedef void result_type;

voi d operator () (Expr &expr, increnent_ints const &) const

{
}

++proto::child(expr);

In the next section on pr ot o: : cal | abl e_cont ext <>, we'll see an even simpler way to achieve the same thing.
cal | abl e_cont ext <>

The prot o: : cal | abl e_cont ext <> is a helper that simplifies the job of writing context classes. Rather than writing template
specializations, with pr ot o: : cal | abl e_cont ext <> you write a function object with an overloaded function call operator. Any
expressions not handled by an overload are automatically dispatched to a default evaluation context that you can specify.

Rather than an evaluation context initsownright, pr ot o: : cal | abl e_cont ext <> ismore properly thought of as a context adaptor.
To use it, you must define your own context that inherits from pr ot o: : cal | abl e_cont ext <>.
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Inthenul I _cont ext section, we saw how to implement an evaluation context that increments all the integers within an expression
tree. Here is how to do the same thing with the pr ot o: : cal | abl e_cont ext <>:

/1 An evaluation context that increnments all
/'l integer terminals in-place.
struct increnent_ints
cal | abl e_cont ext <
increment _ints const // derived context
nul |l _context const // fall-back context

>
{
t ypedef void result_type;
/1 Handle int termnals here:
void operator()(proto::tag::termnal, int & ) const
{ .
++i ;
}
b

With such a context, we can do the following:

literal<int>i =0, j = 10;
proto::eval (i - j * 3.14, increment_ints() );

std::cout << "i
std::cout << "j

<< ji.get() << std::endl;
<< j.get() << std::endl;

This program outputs the following, which shows that theintegersi andj have been incremented by 1:

1
11

Inthei ncr ement _i nt s context, we didn't have to define any nested eval <> templates. That's because pr ot o: : cal | abl e_con-

t ext <> implements them for us. pr ot o: : cal | abl e_cont ext <> takes two template parameters: the derived context and a fall-
back context. For each node in the expression tree being evaluated, pr ot o: : cal | abl e_cont ext <> checks to see if there is an
overloaded oper at or () inthederived context that acceptsit. Given someexpressionexpr of type Expr , and acontext ct x, it attempts
to cal:

ct x(
typename Expr::proto_tag()
, proto::child_c<0>(expr)
, proto::child_c<l>(expr)

Using function overloading and metaprogrammingtricks, pr ot o: : cal | abl e_cont ext <> can detect at compile-timewhether such
afunction exists or not. If so, that function is called. If not, the current expression is passed to the fall-back evaluation context to be
processed.

We saw another example of the pr ot o: : cal | abl e_cont ext <> when we looked at the simple calculator expression evaluator.
There, we wanted to customize the evaluation of placeholder terminals, and delegate the handling of all other nodes to the
proto: : defaul t _cont ext.Wedid that asfollows:
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/1 An eval uation context for cal cul ator expressions that
/'l explicitly handles placeholder term nals, but defers the
/'l processing of all other nodes to the default_context.
struct cal cul at or _cont ext

. proto::callable_context< cal cul ator_context const >

{

st d: : vect or <doubl e> args;

/1 Define the result type of the calculator.
typedef double result_type;

/1 Handl e the placehol ders:
tenplate<int |>
doubl e operator()(proto::tag::termnal, placehol der<l>) const

{
}

return this->args[|];

Inthiscase, wedidn't specify afall-back context. Inthat case, pr ot o: : cal | abl e_cont ext <> usesthepr ot o: : def aul t _cont ext .
With the above cal cul at or _cont ext and a couple of appropriately defined placeholder terminals, we can evaluate calculator
expressions, as demonstrated below:

tenpl ate<int 1>
struct pl acehol der

{h

t er mi nal <pl acehol der<0> >::type const _1 = {{}};

t er mi nal <pl acehol der<1> >::type const _2 = {{}};

/1

cal cul ator_context ctx;

ctx. args. push_back(4);

ctx. args. push_back(5);

double j = proto::eval( (_2 - _1) / _2 * 100, ctx );

std::cout << "j =" << j << std::endl;
The above code displays the following:

i =20

Expression Transformation: Semantic Actions

If you have ever built a parser with the help of atool like Antlr, yacc or Boost.Spirit, you might be familiar with semantic actions.
In addition to allowing you to define the grammar of the language recognized by the parser, these tools let you embed code within
your grammar that executes when parts of the grammar participate in a parse. Proto has the equivalent of semantic actions. They are
called transforms. This section describes how to embed transformswithin your Proto grammars, turning your grammarsinto function
objects that can manipulate or evaluate expressions in powerful ways.

Proto transforms are an advanced topic. Well take it slow, using examplesto illustrate the key concepts, starting simple.
“Activating” Your Grammars

The Proto grammars we've seen so far are static. You can check at compile-time to see if an expression type matches a grammar,
but that's it. Things get more interesting when you give them runtime behaviors. A grammar with embedded transformsis more than
just a static grammar. It is afunction object that accepts expressions that match the grammar and does something with them.

Below isavery simple grammar. It matches terminal expressions.
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/1 A sinple Proto grammar that matches all termnals
proto::termnal< _ >

Here is the same grammar with atransform that extracts the value from the terminal:

/1 A sinple Proto granmar that matches all terminals
/1 *and* a function object that extracts the value from
/'l the termnal
pr ot o: : when<
proto::terminal< _ >
proto::_val ue /|l <-- Look, a transform

You can read this as follows: when you match a terminal expression, extract the value. The type pr ot o: : _val ue is a so-called
transform. Later we'll see what makes it a transform, but for now just think of it as a kind of function object. Note the use of
pr ot o: : when<>: thefirst template parameter isthe grammar to match and the second is the transform to execute. The result is both
agrammar that matches terminal expressions and a function object that accepts terminal expressions and extracts their values.

As with ordinary grammars, we can define an empty struct that inherits from a grammar-+transform to give us an easy way to refer
back to the thing we're defining, as follows:

/1 A granmar and a function object, as before
struct Val ue
pr ot o: : when<
proto::terminal< _ >
proto::_val ue

{h

/1 "Value" is a grammar that matches termn nal expressions
BOOST_MPL_ASSERT(( proto::matches< proto::termnal <int>::type, Value > ));

/1 "Value" also defines a function object that accepts terninals
/'l and extracts their val ue.

proto::termnal <int>::type answer = {42},

Val ue get_val ue;

int i = get_value( answer );

Asalready mentioned, Val ue isagrammar that matchesterminal expressions and afunction object that operates on terminal expres-
sions. It would be an error to pass a non-terminal expression to the Val ue function object. Thisis ageneral property of grammars
with transforms; when using them as function objects, expressions passed to them must match the grammar.

Proto grammars are valid TR1-style function objects. That means you can use boost : : resul t _of <> to ask a grammar what its
return type will be, given a particular expression type. For instance, we can access the Val ue grammar's return type as follows:

/1 W can use boost::result_of<> to get the return type
/1 of a Proto grammar.
t ypedef
t ypename boost::result_of <Value(proto::termnal <int>::type)>: :type
result_type;

/1 Check that we got the type we expected
BOOST_MPL_ASSERT(( boost::is_same<result_type, int>));
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S Note
A grammar with embedded transforms is both a grammar and a function object. Calling these things "grammars
with transforms'’ would get tedious. We could call them something like "active grammars', but as we'll see every
grammar that you can define with Proto is "active"; that is, every grammar has some behavior when used as a
function object. So wel'll continue calling these things plain "grammars'. The term "transform"” is reserved for the
thing that is used as the second parameter to the pr ot o: : when<> template.

Handling Alternation and Recursion

Most grammars are a little more complicated than the one in the preceding section. For the sake of illustration, let's define a rather
nonsensical grammar that matches any expression and recurses to the leftmost terminal and returns its value. It will demonstrate
how two key concepts of Proto grammars -- alternation and recursion -- interact with transforms. The grammar is described bel ow.

/1 A grammar that natches any expression, and a function object
/1 that returns the value of the leftnost term nal.
struct LeftnostLeaf
proto::or_<
/'l 1f the expression is a terminal, return its value
proto: : when<
proto::termnal< _ >
proto:: _val ue
>
/l Gtherwise, it is a non-ternmnal. Return the result
/'l of invoking LeftnostLeaf on the Oth (leftnost) child.
proto: : when<

Lef t most Leaf ( proto::_child0 )

>
>
{};
/'l A Proto terminal wapping std::cout
proto::termnal < std::ostream & >::type cout_ = { std::cout };

/1l Create an expression and use LeftnostLeaf to extract the
/'l value of the leftnost terminal, which will be std::cout.
std::ostream & sout = LeftnostLeaf()( cout_ << "the answer: " << 42 << '\n' );

We've seen pr ot o: : or _<> before. Hereitisserving tworoles. First, it isagrammar that matches any of itsaternate sub-grammars;
in this case, either aterminal or a non-terminal. Second, it is also a function object that accepts an expression, finds the alternate
sub-grammar that matches the expression, and applies its transform. And since Lef t nost Leaf inherits from prot o: : or _<>,
Lef t nost Leaf isalso both agrammar and a function object.

S Note
The second alternate uses pr ot o: : _ asits grammar. Recall that pr ot o: : _ isthe wildcard grammar that matches
any expression. Since alternatesin pr ot o: : or _<> aretriedin order, and sincethefirst alternate handles all terminals,
the second aternate handles al (and only) non-terminals. Often enough, pr ot o: : when< _, sone-transform
> isthelast alternatein agrammar, so for improved readability, you could use the equivalent pr ot o: : ot her wi se<
some-transform >.

The next section describes this grammar further.

Callable Transforms

In the grammar defined in the preceding section, the transform associated with non-terminalsis alittle strange-looking:
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pr ot o: : when<

EeftrmstLeaf( proto:: _child0 ) /1 <-- a "callable" transform

It has the effect of accepting non-terminal expressions, taking the Oth (Ieftmost) child and recursively invoking the Lef t nost Leaf
functiononit. But Lef t nost Leaf ( proto::_chil d0 ) isactually afunctiontype. Literally, it isthetype of afunction that accepts
an object of type prot o: : _chi | dO and returns an object of type Lef t nost Leaf . So how do we make sense of this transform?
Clearly, there is no function that actually has this signature, nor would such a function be useful. The key is in understanding how
pr ot o: : when<> interprets its second template parameter.

When the second template parameter to pr ot o: : when<> is a function type, pr ot o: : when<> interprets the function type as a
transform. In this case, Lef t nost Leaf istreated as the type of afunction object to invoke, and pr ot o: : _chi | dO istreated as a
transform. First, pr ot o: : _chi | dO isapplied to the current expression (the non-terminal that matched this alternate sub-grammar),
and the result (the Oth child) is passed as an argument to Lef t nost Leaf .

S Note
Transforms are a Domain-Specific Language

Left most Leaf ( proto::_child0 ) looks like an invocation of the Lef t nost Leaf function object, but it's
not, but then it actually is! Why this confusing subterfuge? Function types give us a natural and concise syntax for
composing more complicated transforms from simpler ones. The fact that the syntax is suggestive of afunction in-
vocation ison purpose. It is an embedded domain-specific language for defining expression transformations. If the
subterfuge worked, it may have fooled you into thinking the transform is doing exactly what it actually does! And
that's the point.

ThetypelLef t nost Leaf ( proto::_child0 ) isanexampleof acallabletransform. It isafunction typethat representsafunction
object to call and itsarguments. Thetypespr ot o: : _chi | d0 and pr ot o: : _val ue areprimitive transforms. They are plain structs,
not unlike function objects, from which callabletransforms can be composed. Thereis one other type of transform, object transforms,
that we'll encounter next.

Object Transforms

The very first transform we looked at simply extracted the value of terminals. Let's do the same thing, but this time we'll promote
all intsto longsfirst. (Please forgive the contrived-ness of the examples so far; they get more interesting later.) Here's the grammar:

/1 A sinple Proto granmar that matches all termnals,
/1 and a function object that extracts the value from
/1 the terminal, pronoting ints to |ongs:
struct Val ueWthPonot e
proto::or_<
proto: : when<
proto::termnal<int >
| ong(proto::_val ue) /'l <-- an "object" transform
>
proto: : when<
proto::termnal< _ >
proto::_val ue

i

You can read the above grammar asfollows: when you match an int terminal, extract the value from theterminal and useit toinitialize
along; otherwise, when you match another kind of terminal, just extract the value. Thetypel ong( prot o: : _val ue) isaso-called
object transform. It lookslike the creation of atemporary long, but it'sreally afunction type. Just asacallabletransform isafunction
type that represents afunction to call and its arguments, an object transformsis a function type that represents an object to construct
and the arguments to its constructor.

66

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.Proto

S Note
Object Transformsyvs. Callable Transforms

When using function types as Proto transforms, they can either represent an object to construct or afunction to call.
Itissimilar to "normal" C++ where the syntax f oo( " ar g") can either be interpreted as an object to construct or a
function to call, depending on whether f oo isatype or afunction. But consider two of the transforms we've seen
so far:

Left nost Leaf (proto:: _child0) // <-- a callable transform
| ong(proto::_val ue) /'l <-- an object transform

Proto can't know in general which is which, so it uses a trait, proto::is_call abl e<>, to differentiate.
i s_callable< |ong >::val ueisfasesol ong(proto:: _val ue) isanobjecttoconstruct, buti s_cal | abl e<
Lef t nost Leaf >::val ueistruesolLeft nost Leaf (proto:: _chil d0) isafunctionto call. Later on, well see
how Proto recognizes atype as "callable".

Example: Calculator Arity

Now that we have the basics of Proto transforms down, let's consider a slightly more realistic example. We can use transforms to
improve the type-safety of the calculator EDSL. If you recall, it lets you write infix arithmetic expressions involving argument
placeholderslike _1 and _2 and pass them to STL agorithms as function objects, as follows:

double al[4] = { 56, 84, 37, 69 };
doubl e a2[4] = { 65, 120, 60, 70 };
double a3[4] ={ 0 };

/1 Use std::transform() and a cal cul ator expression
/1 to calculate percentages given two input sequences:
std::transformal, al+4, a2, a3, (_2 - _1) / _2 * 100);

This works because we gave calculator expressions an oper at or () that evaluates the expression, replacing the placeholders with
the argumentsto oper at or () . The overloaded cal cul at or <>: : oper at or () looked likethis:

/1 Overload operator() to invoke proto::eval () with
/1 our cal cul ator_context.
t enpl at e<t ypenane Expr>
doubl e
cal cul at or <Expr >: : operator () (double al = 0, double a2 = 0) const
{
cal cul ator_context ctx;
ctx. args. push_back(al);
ctx. args. push_back(a2);

return proto::eval (*this, ctx);

Although thisworks, it'snot ideal because it doesn't warn usersif they supply too many or too few argumentsto acal culator expression.
Consider the following mistakes:

(L2 * _1)(4, 2); Il Oops, too many argunents!
(L2 * _2)(42); /1 Oops, too few argunents!

Theexpression _1 * _1 definesaunary calculator expression; it takes one argument and squaresit. |f we pass more than one argument,
the extra arguments will be silently ignored, which might be surprising to users. The next expression, _2 * _2 defines a binary
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calculator expression; it takestwo arguments, ignoresthefirst and squaresthe second. If we only pass one argument, the code silently
fillsin 0. 0 for the second argument, which is also probably not what users expect. What can be done?

We can say that the arity of a calculator expression is the number of arguments it expects, and it is equal to the largest placeholder
inthe expression. So, thearity of _1 * _1isone andthearity of _2 * _2 istwo. We can increase the type-safety of our calculator
EDSL by making surethe arity of an expression equalsthe actual number of arguments supplied. Computing the arity of an expression
is simple with the help of Proto transforms.

It's straightforward to describe in words how the arity of an expression should be calculated. Consider that calculator expressions
can bemade of _1, _2, literals, unary expressions and binary expressions. The following table shows the arities for each of these 5
constituents.

Table 8. Calculator Sub-Expression Arities

Sub-Expression Arity

Placeholder 1 1

Placeholder 2 2

Literal 0

Unary Expression arity of the operand

Binary Expression max arity of the two operands

Using this information, we can write the grammar for calculator expressions and attach transforms for computing the arity of each
constituent. The code below computes the expression arity as a compile-time integer, using integral wrappers and metafunctions
from the Boost MPL Library. The grammar is described below.

struct CalcArity
proto::or_<

proto::when< proto::termnal < pl acehol der <0> >,
npl @ int_<1>()

>

proto::when< proto::termnal < pl acehol der<1> >,
npl ::int_<2>()

>

proto::when< proto::termnal <_>,
npl @ :int_<0>()

>

proto::when< proto::unary_expr<_, CalcArity>,
CalcArity(proto:: _child)

>

proto::when< proto::binary_expr<_, CalcArity, CalcArity>,
npl : : max<Cal cArity(proto:: _left),

Cal cArity(proto:: _right)>()

{h

When wefind aplaceholder terminal or aliteral, we use an object transformsuch asnpl : : i nt _<1>() to createa(default-constructed)
compile-time integer representing the arity of that terminal.

For unary expressions, weuseCal cArity(proto:: _child) whichisacallabletransformthat computesthearity of the expression's
child.

The transform for binary expressions has afew new tricks. Let's ook more closely:
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/'l Conpute the left and right arities and
/1l take the larger of the two.
npl : : max<Cal cArity(proto:: _left),

Cal cArity(proto:: _right)>()

Thisis an object transform; it default-constructs ... what exactly? The npl : : max<> template is an MPL metafunction that accepts
two compile-time integers. It hasanested : : t ype typedef (not shown) that is the maximum of the two. But here, we appear to be
passing it two things that are not compile-time integers; they're Proto callable transforms. Proto is smart enough to recognize that
fact. It first evaluates the two nested callable transforms, computing the arities of the left and right child expressions. Then it puts
theresultingintegersintonpl : : nax <> and eval uatesthe metafunction by asking for thenested: : t ype. That isthetype of the object
that gets default-constructed and returned.

More generally, when eval uating object transforms, Proto looks at the object type and checks whether it is atemplate specialization,
like mpl : : max<>. If it is, Proto looks for nested transforms that it can evaluate. After any nested transforms have been evaluated
and substituted back into the template, the new template specialization is the result type, unless that type has anested : : t ype, in
which case that becomes the result.

Now that we can calculate the arity of acalculator expression, let'sredefinethe cal cul at or <> expression wrapper we wrote in the
Getting Started guide to use the Cal cAri t y grammar and some macros from Boost.MPL to issue compile-time errors when users
specify too many or too few arguments.

/1 The cal cul ator expression wapper, as defined in the Hello
/'l Calculator exanple in the CGetting Started guide. It behaves
/'l just like the expression it waps, but with extra operator()
/'l menber functions that evaluate the expression.
/1 NEW Use the CalcArity grammar to ensure that the correct
/1 nunber of argunments are supplied.
t enpl at e<t ypenane Expr>
struct cal cul ator

proto:: extends<Expr, cal cul ator<Expr>, cal cul ator_domai n>
{

t ypedef

proto:: extends<Expr, cal cul ator<Expr>, cal cul ator_domai n>
base_t ype;

cal cul ator (Expr const &expr = Expr())
base_t ype(expr)
{}

t ypedef double result_type;

/1 Use CalcArity to conpute the arity of Expr:
static int const arity = boost::result_of<Cal cArity(Expr)>::type::val ue;

doubl e operator()() const
BOOST_MPL_ASSERT_RELATION(0, ==, arity);

cal cul ator _context ctx;
return proto::eval (*this, ctx);

}
doubl e operator () (double al) const
{
BOOST_MPL_ASSERT_RELATION(1, ==, arity);
cal cul ator _context ctx;
ctx. args. push_back(al);
return proto::eval (*this, ctx);
}

doubl e operator()(double al, double a2) const

{
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BOOST_MPL_ASSERT_RELATI ON(2, ==, arity);
cal cul ator _context ctx;

ctx. args. push_back(al);

ctx. args. push_back(a2);

return proto::eval (*this, ctx);

Note the use of boost : : resul t _of <> to access the return type of the Cal cAri t y function object. Since we used compile-time
integersin our transforms, the arity of the expressionisencoded inthereturntypeof theCal cAri t y function object. Proto grammars
arevalid TR1-style function objects, so you can use boost : : resul t _of <> to figure out their return types.

With our compile-time assertions in place, when users provide too many or too few arguments to a calculator expression, asin:
(.2 * _2)(42); |l Oops, too few argunents!
... they will get a compile-time error message on the line with the assertion that reads something like this*:

c:\boost\org\trunk\libs\proto\scratch\main.cpp(97) : error C2664: 'boost::npl::asse

rtion_failed : cannot convert paraneter 1 from ' boost::npl::failed *******xx**x*hgg
st::npl::assert_relation<x,y,__formal > :****x*x*xxkxxt g ' hoost::npl::assert<fal se>
Titype’
with
[
x=1,
y=2,
__formal =bool boost:: npl::operator==(boost::npl::failed, boost::npl::failed)

The point of this exercise was to show that we can write afairly simple Proto grammar with embedded transforms that is declarative
and readable and can compute interesting properties of arbitrarily complicated expressions. But transforms can do more than that.
Boost. X pressive uses transforms to turn expressions into finite state automata for matching regular expressions, and Boost.Spirit
uses transforms to build recursive descent parser generators. Proto comes with a collection of built-in transforms that you can use
to perform very sophisticated expression manipulations like these. In the next few sections we'll see some of them in action.

Transforms With State Accumulation

So far, we've only seen examples of grammars with transforms that accept one argument: the expression to transform. But consider
for a moment how, in ordinary procedural code, you would turn a binary tree into a linked list. You would start with an empty list.
Then, you would recursively convert the right branch to alist, and use the result as the initial state while converting the left branch
toalist. That is, you would need afunction that takes two parameters: the current node and the list so far. These sorts of accumulation
problems are quite common when processing trees. Thelinked list is an example of an accumulation variable or state. Each iteration
of the algorithm takes the current element and state, applies some binary function to the two and creates anew state. Inthe STL, this
algorithm is called st d: : accumnul at e() . In many other languages, it is called fold. Let's see how to implement afold algorithm
with Proto transforms.

All Proto grammars can optionally accept a state parameter in addition to the expression to transform. If you want to fold atree to
alist, you'll need to make use of the state parameter to pass around the list you've built so far. Asfor the list, the Boost.Fusion library
providesaf usi on: : cons<> type from which you can build heterogeneous lists. Thetypef usi on: : ni | representsan empty list.

Below is a grammar that recognizes output expressions like cout _ << 42 << '\ n' and puts the arguments into a Fusion list. It
is explained below.

3 This error message was generated with Microsoft Visual C++ 9.0. Different compilers will emit different messages with varying degrees of readability.
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/1l Fold the terminals in output statenments |ike
/1 "cout_ << 42 << '\n'"" into a Fusion cons-list.
struct Fol dToli st
proto::or_<
/1 Don't add the ostreamterminal to the |ist
pr ot o: : when<
proto::termnal < std::ostream & >
proto::_state
>
/1l Put all other term nals at the head of the
/1 list that we're building in the "state" paraneter
pr ot o: : when<
proto::termnal < >
fusion::cons<proto::_value, proto::_state>(
proto::_value, proto::_state
)
>
/'l For left-shift operations, first fold the right
/1 child to a list using the current state. Use
/'l the result as the state paraneter when folding
/1l the left child to a list.
pr ot o: : when<
proto::shift_|eft<Fol dToList, FoldToList>
Fol dToLi st (
proto:: _left
Fol dToLi st (proto:: _right, proto::_state)

i

Before reading on, see if you can apply what you know already about object, callable and primitive transforms to figure out how
this grammar works.

When you use the Fol dToLi st function, you'll need to pass two arguments:. the expression to fold, and the initial state: an empty
list. Those two arguments get passed around to each transform. We learned previoudly that pr ot o: : _val ue isaprimitive transform
that accepts aterminal expression and extractsits value. What we didn't know until now was that it al so accepts the current state and
ignoresit. prot o: : _st at e isaso aprimitive transform. It accepts the current expression, which it ignores, and the current state,
which it returns.

When we find aterminal, we stick it at the head of the conslist, using the current state asthetail of thelist. (Thefirst alternate causes
the ost r eamto be skipped. We don't want cout in the list.) When we find a shift-left node, we apply the following transform:

/1 Fold the right child and use the result as
/'l state while folding the right
Fol dToLi st (

proto:: _left

Fol dToLi st (proto:: _right, proto::_state)

You can read thistransform asfollows: using the current state, fold the right child to alist. Use the new list as the state while folding
the left child to alist.
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If your compiler is Microsoft Visual C++, you'll find that the above transform does not compile. The compiler has
bugs with its handling of nested function types. You can work around the bug by wrapping the inner transform in

proto:: cal | <> asfollows:

Fol dToLi st (
proto:: _left
proto::call <Fol dToLi st (proto:: _right, proto::_state)>

prot o: : cal | <> turns acallable transform into a primitive transform, but more on that later.

Now that we have defined the Fol dToLi st function object, we can useit to turn output expressionsinto lists as follows:

proto::termnal <std::ostream &::type const cout_ = {std::cout}

/1 This is the type of the list we build bel ow

t ypedef
fusion::cons<
i nt
, fusion::cons<
doubl e
, fusion::cons<
char
, fusion::nil
>
>
>

result_type

/1 Fold an output expression into a Fusion list, using

/1 fusion::nil as the initial state of the transformation.

Fol dToLi st to_list;

result_type args = to_list(cout_ << 1 << 3.14 << '\n', fusion::nil())

/1 Now "args" is the list: {1, 3.14, '"\n'}

When writing transforms, "fold" is such a basic operation that Proto provides anumber of built-in fold transforms. We'll get to them
later. For now, rest assured that you won't always have to stretch your brain so far to do such basic things.

Passing Auxiliary Data to Transforms

In the last section, we saw that we can pass a second parameter to grammars with transforms; an accumulation variable or state that
gets updated as your transform executes. There are times when your transforms will need to access auxiliary datathat does not accu-
mulate, so bundling it with the state parameter isimpractical. Instead, you can pass auxiliary data as a third parameter, known asthe
data parameter.

Let's modify our previous example so that it writes each terminal to st d: : cout beforeit putsit into alist. This could be handy for
debugging your transforms, for instance. We can make it general by passing ast d: : ost r eaminto the transform in the data para-
meter. Within the transform itself, we can retrieve the ost r eamwith the pr ot o: : _dat a transform. The strategy is as follows: use
the pr ot o: : and_<> transform to chain two actions. The second action will create the f usi on: : cons<> node as before. The first
action, however, will display the current expression. For that, wefirst construct aninstanceof pr ot o: : f uncti onal : : di spl ay_expr
and then call it.

72

httpo://www.renderx.com/


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

Boost.Proto

/1l Fold the terminals in output statenments |ike
/1 "cout_ << 42 << '\n'"" into a Fusion cons-list.
struct Fol dToli st
proto::or_<
/1 Don't add the ostreamterminal to the |ist
pr ot o: : when<
proto::termnal < std::ostream & >
proto::_state
>
/1l Put all other term nals at the head of the
/1 list that we're building in the "state" paraneter
pr ot o: : when<
proto::termnal < >
proto::and_<
/'l First, wite the terminal to an ostream passed
/1 in the data paraneter
proto::lazy<
proto:: nmake<proto::functional::display_expr(proto:: _data)>(_)
>
/1 Then, constuct the new cons list.
fusion::cons<proto::_value, proto::_state>(
proto::_value, proto::_state
)
>
>
/'l For left-shift operations, first fold the right
/1 child to a list using the current state. Use
/'l the result as the state paraneter when fol ding
/1l the left child to a list.
pr ot o: : when<
proto::shift_|eft<Fol dToList, FoldToList>
Fol dToLi st (
proto:: _left
Fol dToLi st (proto:: _right, proto::_state, proto::_data)
proto:: _data

i

Thisisalot to takein, no doubt. But focus on the second when clause above. It says. when you find aterminal, first display the ter-
minal using the ost r eamyou find in the data parameter, then take the value of the terminal and the current state to build anew cons
list. The function object di spl ay_expr doesthe job of printing theterminal, and pr ot o: : and_<> chains the actions together and
executes them in sequence, returning the result of the last one.

g Note
Also new is prot o: : | azy<>. Sometimes you don't have a ready-made callable object to execute. Instead, you
want to first make one and then execute it. Above, we need to create adi spl ay_expr , initidizing it with our os-
t r eam After that, we want to invoke it by passing it the current expression. It'sas if we were doing di spl ay_ex-
pr(std::cout)(the-expr).Weachievethistwo-phase evaluation using pr ot o: : | azy<>. If thisdoesn't make
sense yet, don't worry about it.

We can use the above transform as before, but now we can pass an ost r eamas the third parameter and get to watch the transform
in action. Here's a sample usage:
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proto::termnal <std::ostream &>::type const cout_ = {std::cout};

/1 This is the type of the list we build bel ow

t ypedef
fusion::cons<
i nt
fusion::cons<
doubl e
fusion::cons<
char
fusion::ni
>
>
>

result_type;

/'l Fold an output expression into a Fusion list, using

/1 fusion::nil as the initial state of the transformation.

/1 Pass std::cout as the data paraneter so that we can track

/'l the progress of the transformon the console.

Fol dToLi st to_list;

result_type args = to_list(cout_ << 1 << 3.14 << '"\n', fusion::nil(), std::cout);

/1 Now "args" is the list: {1, 3.14, '"\n'}
This code displays the following:

term nal (

)
term nal (3. 14)

term nal (1)

Thisisarather round-about way of demonstrating that you can pass extra data to a transform as a third parameter. There are no re-
strictions on what this parameter can be, and, unlike the state parameter, Proto will never mess with it.

Transform Environment Variables

g Note
Thisis an advanced topic. Feel free to skip if you are new to Proto.

The example above uses the data parameter as a transport mechanism for an unstructured blob of data; in this case, a reference to
an ost r eam As your Proto algorithms become more sophisticated, you may find that an unstructured blob of data isn't terribly
convenient to work with. Different parts of your algorithm may be interested in different bits of data. What you want, instead, is a
way to passin a collection of environment variables to atransform, like a collection of key/value pairs. Then, you can easily get at
the piece of datayou want by asking the data parameter for the value associated with a particular key. Proto's transform environments
give you just that.

Let's start by defining a key.
BOOST_PROTO_DEFI NE_ENV_VAR( nykey_t ype, nykey);

Thisdefinesaglobal constant nykey with thetypenykey_t ype. We can use nykey to store apiece of assiciated datain atransform
environment, as so:
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/1 Call the MyEval algorithmwi th a transform environnment containing
/'l two key/value pairs: one for proto::data and one for nykey
MEval () ( expr, state, (proto::data = 42, nykey = "hello world") )

The above meansto invoke the MyEval algorithm with three parameters. an expression, aninitial state, and atransform environment
containing two key/value pairs.

From within a Proto algorithm, you can access the val ues associated with different keysusing the pr ot o: : _env_var <> transform.
For instance, pr ot o: : _env_var <nykey_t ype> would fetch thevalue " hel | o wor | d" from the transform environment created
above.

Thepr ot o: : _dat a transform has some additional smarts. Rather than always returning the third parameter regarless of whether it
isablob or atransform environment, it checks first to see if it's ablob or not. If so, that's what gets returned. If not, it returns the
value associated with the pr ot o: : dat a key. In the above example, that would be the value 42.

There'sasmall host of functions, metafunction, and classesthat you can use to create and manipul ate transform environments, some
for testing whether an object is a transform environment, some for coercing an object to be a transform environment, and some for
querying atransform environment whether or not is has avalue for a particular key. For an exhaustive treatment of the topic, check
out the reference for the boost / pr ot o/ t r ansf or mf env. hpp header.

Implicit Parameters to Primitive Transforms

Let'suseFol dToLi st example from the previous two sectionsto illustrate some other niceties of Proto transforms. We've seen that

grammars, when used as function objects, can accept up to 3 parameters, and that when using these grammarsin callable transforms,
you can also specify up to 3 parameters. Let'stake another ook at the transform associated with non-terminals from the last section:

Fol dToLi st (
proto:: _left
Fol dToLi st (proto:: _right, proto::_state, proto::_data)
proto:: _data

Here we specify all three parameters to both invocations of the Fol dToLi st grammar. But we don't have to specify al three. If we
don't specify athird parameter, pr ot o: : _dat a isassumed. Likewise for the second parameter and pr ot o: : _st at e. So the above
transform could have been written more simply as:

Fol dToLi st (
proto:: left
StringCopy(proto:: _right)

The same istrue for any primitive transform. The following are all equivalent:
Table 9. Implicit Parametersto Primitive Transforms
Equivalent Transforms
proto::when<_, Fol dToLi st>
proto::when<_, Fol dToList()>
proto::when<_, Fol dToList(_)>
proto::when<_, FoldToList(_, proto::_state)>

proto::when<_, FoldToList(_, proto::_state, proto::_data)>
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S Note
GrammarsAre Primitive TransformsAre Function Objects

So far, we've said that al Proto grammars are function objects. But it's more accurate to say that Proto grammars
are primitive transforms -- a special kind of function object that takes between 1 and 3 arguments, and that Proto
knows to treat specially when used in a callable transform, as in the table above.

! I Note
Not All Function ObjectsAre Primitive Transforms

You might be tempted now to drop the _st at e and _dat a parametersfor al your callable transforms. That would
be an error. You can only do that for primitive transforms, and not all callables are primitive transforms. Later on,
we'll see what distinguishes ordinary callables from their more powerful primitive transfor cousins, but the short
version isthis: primitive transforms inherit from pr ot o: : t r ansf or nx>.

Once you know that primitive transforms will always receive all three parameters -- expression, state, and data -- it makes things
possible that wouldn't be otherwise. For instance, consider that for binary expressions, these two transforms are equivalent. Can you
see why?

Table 10. Two Equivalent Transforms

Without prot o: : reverse_f ol d<> With prot o: : reverse_f ol d<>
Fol dToLi st ( proto::reverse_fold<_, proto::_state, FoldToLO
proto:: _left ist>
Fol dToLO

ist(proto::_right, proto::_state, proto::_data)
proto:: _data

)

Unpacking Expressions

Processing expressions with an arbitrary number of children can be a pain. What if you want to do something to each child, then
pass the results as arguments to some other function? Can you do it just once without worrying about how many children an expression
has?Yes. Thisis where Proto's unpacking expressions come in handy. Unpacking expressions give you a way to write callable and
object transforms that handle n-ary expressions.

E Note
Inspired by C++11 Variadic Templates

Proto's unpacking expressions take inspiration from the C++11 feature of the same name. If you are familiar with
variadic functions, and in particular how to expand a function parameter pack, this discussion should seem very
familiar. However, this feature doesn't actually use any C++11 features, so the code describe here will work with
any compliant C++98 compiler.

Example: A C++ Expression Evaluator

Proto hasthe built-in pr ot o: : _def aul t <> transform for evaluating Proto expressionsin a C++-ish way. But if it didn't, it wouldn't
be too hard to implement one from scratch using Proto's unpacking patterns. The transform eval below does just that.
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/1 A callable polynorphic function object that takes an unpacked expression
/1 and a tag, and eval uates the expression. A plus tag and two operands adds
/1 themw th operator +, for instance.

struct do_eval : proto::callable

{
t ypedef double result_type;

#def i ne UNARY_OP(TAG OP)
t enpl at e<t ypenane Arg>
doubl e operator()(proto::tag:: TAG Arg arg) const

{

}
[**]

return OP arg;

—— - - - —

#defi ne Bl NARY_OP( TAG OP)
tenpl at e<typenane Left, typenane Ri ght>
doubl e operator()(proto::tag:: TAG Left left, R ght right) const

{

}
[**]

return left OP right;

—— - - - —

UNARY_OP( negate, -)

Bl NARY_OP( pl us, +)

Bl NARY_OP( m nus, -)

Bl NARY_OP(nultiplies, *)
Bl NARY_OP( di vi des, /)
/*... others ...*/

I

struct eval
proto::or_<
/'l Evaluate ternminals by sinply returning their val ue
proto::when<proto::termnal <_> proto::_val ue>

/1 Non-terminals are handl ed by unpacking the expression,

/'l recursively calling eval on each child, and passing

/'l the results along with the expression's tag to do_eval

/| defined above.

proto::otherw se<do_eval (proto::tag_of<_>(), eval (proto::pack(_))...)>
// UNPAC}(' NG PATTERN HERE ___________________ NANNNNANNNNNANNNNNNNNNNNNNNNNN

i

The bulk of the above code is devoted to thedo_eval function object that maps tag types to behaviors, but the interesting bit isthe
definition of theeval agorithm at the bottom. Terminals are handled quite simply, but non-terminals could be unary, binary, ternary,
even n-ary if weconsider function call expressions. Theeval agorithm handlesthisuniformly with the help of an unpacking pattern.

Non-terminals are evaluated with this callable transform:
do_eval (proto::tag_of< >(), eval (proto::pack(_))...)

You can read this as: call thedo_eval function object with the tag of the current expression and all its children after they have each
been evaluated with eval . The unpacking patternisthe bit just before the ellipsis: eval (proto: : pack(_)).

What's going on hereisthis. The unpacking expression gets repeated once for each child in the expression currently being evaluated.
In each repetition, the type pr ot o: : pack(_) gets replaced with proto:: _chil d_c<N>. So, if aunary expression is passed to
eval , it actualy gets evaluated like this:

77

httpo://www.renderx.com/


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

Boost.Proto

/1 After the unpacking pattern is expanded for a unary expression
do_eval (proto::tag_of < >(), eval (proto::_child_c<0>))

And when passed a binary expression, the unpacking pattern expands like this:

/1 After the unpacking pattern is expanded for a binary expression
do_eval (proto::tag_of< >(), eval (proto::_child_c<0>), eval (proto::_child_c<1>))

Although it can't happen in our example, when passed a terminal, the unpacking pattern expands such that it extracts the value from
the terminal instead of the children. So it gets handled like this:

/1 1f a termnal were passed to this transform Proto would try
/'l to evaluate it like this, which would fail:
do_eval (proto::tag_of< >(), eval (proto::_value))

That doesn't make sense. prot o: : _val ue would return something that isn't a Proto expression, and eval wouldn't be able to
evaluate it. Proto algorithms don't work unless you pass them Proto expressions.

S Note
Kickin' It Old School

You may be thinking, my compiler doesn't support C++11 variadic templates! How can this possibly work? The
answer issimple: The. . . aboveisn'taC++11 pack expansion. It'sactually an old-school C-stylevararg. Remember
that callable and object transforms are function types. A transform with one of these pseudo-pack expansions is
really just the type of a boring, old vararg function. Proto just interpretsit differently.

Unpacking patterns are very expressive. Any callable or object transform can be used as an unpacking pattern, so long as
proto: : pack(_) appears exactly once somewhere within it. This gives you a lot of flexibility in how you want to process the
children of an expression before passing them on to some function object or object constructor.

Separating Grammars And Transforms

S Note
Thisisan advanced topic that is only necessary for people defining large EDSL s. Fedl freeto skip thisif you're just
getting started with Proto.

So far, we've seen examples of grammars with embedded transforms. In practice, grammars can get pretty large, and you may want
to use them to drive several different computations. For instance, you may have agrammar for alinear algebradomain, and you may
want to use it to compute the shape of the result (vector or matrix?) and also to compute the result optimally. You don't want to have
to copy and paste the whole shebang just to tweak one of the embedded transforms. What you want instead isto define the grammar
once, and specify the transformslater when you're ready to eval uate an expression. For that, you use external transforms. The pattern
you'll useisthis: replace one or more of thetransformsin your grammar with the specia placeholder pr ot o: : ext ernal _transform
Then, you'll create abundle of transformsthat you will passto the grammar in the data parameter (the 3rd parameter after the expression
and state) when evaluating it.

Toillustrate external transforms, we'll build a calculator evaluator that can be configured to throw an exception on division by zero.
Here is a bare-bones front end that defines a domain, a grammar, an expression wrapper, and some placeholder terminals.

78

render

httpo://www.renderx.com/


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

Boost.Proto

#i ncl ude <boost/assert. hpp>

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

#i ncl ude <boost/fusi on/ contai ner/vector. hpp>

#i ncl ude <boost/fusi on/ contai ner/generation/ nake_vector. hpp>
#i ncl ude <boost/ proto/ proto. hpp>

nanespace npl = boost::npl;

namespace proto = boost::proto

nanespace fusion = boost::fusion

/1 The argunent pl acehol der type
tenpl at e<typenane | > struct placeholder : | {};

/1 The grammar for valid cal cul ator expressions
struct cal c_gramar
proto::or_<
proto::term nal <pl acehol der<proto::_> >

, proto::terninal <int>

, proto::plus<cal c_granmar, cal c_granmar>

, proto::mnus<cal c_grammar, cal c_granmar>

, proto::multiplies<calc_gramuar, cal c_gramar>

, proto::divides<cal c_grammar, cal c_gramar>

{1

tenpl at e<t ypenane E> struct cal c_expr
struct cal c_domain : proto::domai n<proto::generator<cal c_expr> > {}

t enpl at e<t ypenane E>
struct cal c_expr
proto:: extends<E, cal c_expr<E> cal c_domai n>

{

cal c_expr(E const & = E()) : calc_expr::proto_extends(e) {}
s
cal c_expr<proto::term nal <pl acehol der<npl::int_<0> > >::type> _1,
cal c_expr<proto::term nal <pl acehol der<npl::int_<1> > >::type> _2;
int main()
{

/1 Build a cal cul ator expression, and do nothing with it.

(L1 + _2);
}

Now, let's embed transformsinto cal c_gr anmar so that we can use it to evaluate calculator expressions:
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/'l The cal cul ator gramar with enbedded transforns for eval uating expression
struct cal c_gramar
proto::or_<
pr ot o: : when<
proto::term nal <pl acehol der<proto::_> >
, proto::functional::at(proto::_state, proto::_val ue)
>
, proto::when<
proto::termnal <int>
, proto:: _value
>
, proto::when<
proto:: plus<cal c_gramar, cal c_gramar>
, proto:: _defaul t<cal c_granmar>
>
, proto::when<
proto:: mnus<cal c_grammar, cal c_gramar>
, proto:: _defaul t<cal c_granmar>
>
, proto::when<
proto::nultiplies<cal c_granmar, cal c_granmar>
, proto:: _defaul t<cal c_granmar>
>
, proto::when<
proto::divides<cal c_grammar, cal c_granmmar>
, proto:: _defaul t<cal c_granmar>
>

i

With this definition of cal c_gr anmar we can evaluate expressions by passing along a Fusion vector containing the values to use
for the 1 and _2 placeholders:

int result = calc_grammar()(_1 + _2, fusion::make_vector (3, 4));
BOOST _ASSERT(result == 7);

We also want an alternative evaluation strategy that checks for division by zero and throws an exception. Just how ridiculous would
it be to copy the entire cal c_gr ammar just to change the one line that transforms division expressions? External transforms are
ideally suited to this problem.

First, we give the division rule in our grammar a"name"; that is, we make it a struct. We'll use this unique type later to dispatch to
the right transformes.

struct cal c_granmar;
struct divides_rule : proto::divides<cal c_grammar, calc_grammr> {};

Next, we change cal c_gr anmar to make the handling of division expressions external.

/'l The cal culator grammar with an external transform for eval uating
/1 division expressions.
struct cal c_grammar
proto::or_<
/* ... as before ... */
, proto::when<
divides_rule
, proto::external _transform
>

i
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Theuse of prot o: : ext er nal _t r ansf or mabove makes the handling of division expressions externally parameterizeable.

Next, we use pr ot o: : ext ernal _t r ansf or ne<> (note the trailing 's) to capture our evaluation strategy in a bundle that we can
pass along to the transform in the data parameter. Read on for the explanation.

/1l Eval uate division nodes as before
struct non_checked_di vi si on
proto::external transforns<
proto::when< divides_rule, proto::_default<cal c_grammr> >
>

i
[* . *]

non_checked_di vi si on non_checked,;
int result2 = calc_grammar()(_1 / _2, fusion::nmke_vector(6, 2), non_checked)

The struct non_cecked_di vi si on associates the transform pr ot o: : _def aul t <cal c_gr anmar > with the di vi des_rul e
grammar rule. An instance of that struct is passed along as the third parameter when invoking cal ¢_gr anmar .

Now, let'simplement checked division. The rest should be unsurprising.

struct division_by zero : std::exception {}

struct do_checked_divide : proto::callable

{
typedef int result_type
int operator()(int left, int right) const
{
if (right == 0) throw division_by_zero();
return left / right
}
s

struct checked_divi sion
proto::external _transfornms<
prot o: : when<
di vides_rule

do_checked_di vi de(cal c_granmar (proto:: _left), calc_grammar(proto::_right))
>

>
{}
[* .0 %]
try
{

checked_di vi si on checked,;

int result3 = calc_grammar_extern()(_1 / _2, fusion::make_vector(6, 0), checked)
}
catch(di vi sion_by_zero)
{

std::cout << "caught division by zero!\n";
}

The above code demonstrates how asingle grammar can be used with different transforms specified externally. Thismakesit possible
to reuse agrammar to drive several different computations.
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Separating Data From External Transforms

As described above, the external transforms feature usurps the data parameter, which is intended to be a place where you can pass
arbitrary data, and givesit a specific meaning. But what if you are already using the data parameter for something else? The answer
isto use atransform environment. By associating your external transforms with the pr ot o: : t r ansf or s key, you are freeto pass

arbitrary datain other dlots.

To continue the above example, what if we a so needed to pass a piece of datainto our transform along with the external transforms?

It would look like this:

int result3 = cal c_granmar_extern()(

1/ 2

fusion: : make_vector(6, 0)
(proto::data = 42, proto::transforms = checked)

In the above invocation of the cal

c_granmmar _ext ern agorithm, the map of external transforms is associated with the

proto: : transfor ns key and passed to the algorithm in atransform environment. Also in the transform environment isakey/value
pair that associates the value 42 with the pr ot o: : dat a key.

Proto's Built-In Transforms

Primitive transforms are the building blocks for more interesting composite transforms. Proto defines a bunch of generally useful
primitive transforms. They are summarized below.

proto::_val ue
proto::_child_c<>
proto:: _child
proto:: _left
proto:: _right
proto::_expr
proto::_state
proto::_data

proto::call <>

proto:: make<>

proto::_defaul t<>

proto::fol d<>

proto::reverse_fol d<>

Given aterminal expression, return the value of the terminal.

Given anon-terminal expression, pr ot o: : _chi | d_c<N> returns the N-th child.
A synonym for prot o: : _chil d_c<0>.

A synonym for prot o: : _chil d_c<0>.

A synonym for proto: : _child_c<1>.

Returns the current expression unmodified.

Returns the current state unmodified.

Returns the current data unmodified.

For a given callable transform CT, pr ot o: : cal | <CT> turns the callable transform into a
primitive transform. Thisis useful for disambiguating callable transforms from object trans-
forms, and also for working around compiler bugs with nested function types.

For agiven object transform OT, pr ot o: : make<OT> turnsthe object transforminto aprimitive
transform. Thisis useful for disambiguating object transforms from callable transforms, and
aso for working around compiler bugs with nested function types.

Given a grammar G, proto:: _def aul t <G evaluates the current node according to the
standard C++ meaning of the operation the node represents. For instance, if the current node
is a binary plus node, the two children will both be evaluated according to G and the results
will be added and returned. The return typeisdeduced with the help of the Boost. Typeof library.

Given three transforms ET, ST, and FT, prot o: : f ol d<ET, ST, FT> first evaluatesET to
obtain a Fusion sequence and ST to obtain an initial state for the fold, and then evaluates FT
for each element in the sequence to generate the next state from the previous.

Likepr ot o: : f ol d<>, except the elementsin the Fusion sequence areiterated in reverse order.
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proto::fold_ tree<> Likeproto:: fol d<ET, ST, FT>, except that the result of the ET transform is treated as
an expression tree that isflattened to generate the sequence to be folded. Flattening an expres-
sion tree causes child nodes with the same tag type as the parent to be put into sequence. For
instance,a >> b >> ¢ would be flattened to the sequence [a, b, c], and thisis the sequence
that would be folded.

proto::reverse_fold tree<> Likeproto::fold_tree<>, except that the flattened sequence isiterated in reverse order.

proto::lazy<> A combination of pr ot o: : make<> and pr ot o: : cal | <> that is useful when the nature of
the transform depends on the expression, state and/or data parameters.
proto::lazy<R(AQO, Al. .. An) > first evaluatespr ot o: : neke<R() >to computeacallable
type R2. Then, it evaluates pr ot o: : cal | <R2( A0, Al. .. An) >.

All Grammars Are Primitive Transforms

In addition to the above primitive transforms, all of Proto's grammar elements are also primitive transforms. Their behaviors are
described below.

proto:: Return the current expression unmodified.
proto::or_<> For the specified set of alternate sub-grammars, find the one that matches the given expression

and apply its associated transform.

proto::and_<> For the given set of sub-grammars, apply al the associated transforms and return the result
of the last.

proto::not <> Return the current expression unmodified.

proto::if_<> Given threetransforms, evaluate the first and treat the result as a compile-time Boolean value.

If it istrue, evaluate the second transform. Otherwise, evaluate the third.

proto::switch <> Aswith pr ot o: : or _<>, find the sub-grammar that matches the given expression and apply
its associated transform.

proto::termnal <> Return the current terminal expression unmodified.
proto:: pl us<>, A Proto grammar that matches a non-terminal such as pr ot o: : pl us<®, GL>, when used
proto::nary_expr<>, et a. asaprimitive transform, creates anew plus node where the left child istransformed according

to @ and the right child with GL.
The Pass-Through Transform

Note the primitive transform associated with grammar elements such aspr ot o: : pl us<> described above. They possess a so-called
pass-through transform. The pass-through transform accepts an expression of a certain tag type (say, prot o: : tag: : pl us) and
creates a new expression of the same tag type, where each child expression is transformed according to the corresponding child
grammar of the pass-through transform. So for instance this grammar ...

proto::function< X proto::vararg<Y> >

... matches function expressions where the first child matches the X grammar and the rest match the Y grammar. When used as a
transform, the above grammar will create a new function expression where the first child is transformed according to X and the rest
are transformed accordingto Y.

The following class templates in Proto can be used as grammars with pass-through transforms;
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Table 11. Class Templates With Pass-Through Transforms

Templates with Pass-Through Transforms

pr ot o:
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
pr ot o:
proto::
pr ot o:

pr ot o:

sunary_pl us<>

negat e<>

der ef erence<>
conpl enent <>
addr ess_of <>
| ogi cal _not <>
pre_i nc<>
pre_dec<>
post _i nc<>
post _dec<>
shift_left<>
shift_right<>
nmul tiplies<>
di vi des<>
nodul us<>

pl us<>

m nus<>

| ess<>
great er <>

| ess_equal <>
great er _equal <>
equal _t o<>

not _equal _t o<>

;1 ogi cal _or<>

| ogi cal _and<>

:bitwi se_and<>

cbitwi se_or<>
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Templateswith Pass-Through Transforms
proto::bitw se_xor<>

pr ot o: : conma<>
proto::nmemptr<>
proto::assign<>
proto::shift_| eft_assign<>
proto::shift_right_assign<>
proto::nultiplies_assign<>
proto::divides_assign<>

pr ot o: : mobdul us_assi gn<>
proto:: plus_assi gn<>
proto:: m nus_assi gn<>
proto::bitw se_and_assi gn<>
proto::bitw se_or_assign<>
proto::bitw se_xor_assi gn<>
proto::subscript<>
proto::if_else_<>
proto::function<>
proto::unary_expr<>

proto:: bi nary_expr<>

proto::nary_expr<>

The Many Roles of Proto Operator Metafunctions

We've seen templates such as prot o: : t er mi nal <>, proto:: pl us<> and prot o: : nary_expr <> fill many roles. They are
metafunction that generate expression types. They are grammars that match expression types. And they are primitive transforms.
The following code samples show examples of each.

AsMetafunctions...

/1 proto::termnal <> and proto::plus<> are netafunctions
/'l that generate expression types:

typedef proto::termnal <int>::type int_;

typedef proto::plus<int_, int_>::type plus_;

int_ i = {42}, j = {24};
plus_ p = {i, j};
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AsGrammars...

/1 proto::termnal <> and proto::plus<> are granmars t hat
/1 match expression types

struct Int : proto::ternminal<int> {};

struct Plus : proto::plus<int, Int> {};

BOOST_MPL_ASSERT(( proto::matches< int_, Int > ));
BOOST_MPL_ASSERT(( proto:: matches< plus_, Plus > ));

AsPrimitive Transforms...

/1 A transformthat renpves all unary_plus nodes in an expression
struct RenoveUnaryPl us
proto::or_<
prot o: : when<
proto::unary_pl us<RenmoveUnar yPl us>
, RenoveUnaryPl us(proto::_child)
>
/'l Use proto::termnal <> and proto::nary_expr<>
/1 both as grammars and as primtive transforns.
, proto::termnal <_>
, proto::nary_expr<_, proto::vararg<RenoveUnaryPl us> >

>
{h
int main()
{
proto::literal<int>i(0);
proto:: display_expr(
Heo- (- H)
)
proto: : display_expr(
RemoveUnaryPlus() ( +i - +(i - +i) )
)
}

The above code displays the following, which shows that unary plus nodes have been stripped from the expression:

m nus(
unary_pl us(
term nal (0)

)
, unary_pl us(
m nus(
term nal (0)
, unary_pl us(
term nal (0)
)
)
)
)
m nus(
term nal (0)
, M nus(
term nal (0)
, term nal (0)
)
)
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Building Custom Primitive Transforms

In previous sections, we've seen how to compose larger transforms out of smaller transforms using function types. The smaller
transforms from which larger transforms are composed are primitive transforms, and Proto provides a bunch of common ones such
as_chi | do and _val ue. In this section we'll see how to author your own primitive transforms.

S Note
There are afew reasons why you might want to write your own primitive transforms. For instance, your transform
may be complicated, and composing it out of primitives becomes unwieldy. You might also need to work around
compiler bugs on legacy compilers that make composing transforms using function types problematic. Finally, you
might al so decide to define your own primitive transformsto improve compile times. Since Proto can simply invoke
a primitive transform directly without having to process arguments or differentiate callable transforms from object
transforms, primitive transforms are more efficient.

Primitive transforms inherit from pr ot o: : t r ansf or nx> and have anested i npl <> template that inherits from prot o: : t r ans-
for m_i npl <>. For example, thisis how Proto definesthe _chi | d_c<N> transform, which returns the N-th child of the current ex-
pression:

namespace boost { nanmespace proto

{
/1 A primtive transformthat returns N-th child
/1l of the current expression.
tenpl ate<i nt N>
struct _child c : transfornx_child c<N> >
{
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : transform.inpl <Expr, State, Data>
{
t ypedef
typenanme result_of::child_c<Expr, N> :type
result_type;
result_type operator ()(
t ypename i npl :: expr_param expr
typename inpl::state_param state
t ypename i npl :: dat a_param dat a
) const
{
return proto::child_c<N>(expr);
}
b
b
/1l Note that _child c<N> is callable, so that
// it can be used in callable transforns, as:
/1 _child_c<0>(_child_c<1>)
tenpl ate<i nt N>
struct is_callable< child c<N> >
omplitrue_
{};
1}

The prot o: : t ransf or m<> base class provides the oper at or () overloads and the nested r esul t <> template that make your
transform avalid function object. These are implemented in terms of the nested i npl <> template you define.

Theproto: : transform.inpl <> base classisaconvenience. It provides some nested typedefs that are generally useful. They are
specified in the table below:
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Table 12. proto::transform_impl<Expr, State, Data> typedefs

typedef
expr
state
dat a

expr_param

state_param

dat a_param

Equivalent To

typenane renove_r ef erence<Expr>::type
typenanme renove_ref erence<State>::type
typenanme renove_ref erence<Dat a>: :type

typenane add_reference<typenane add_const <Ex-
pr>::type>::type

typenane add_r ef erence<t ypenane
add_const <Stat e>: : type>: :type

typenane add_r ef erence<t ypenane
add_const <Dat a>: : t ype>: : type

You'll noticethat _chi | d_c: :i npl :: operator () takesargumentsof typesexpr _par am st at e_par am anddat a_par am The
typedefs make it easy to accept arguments by reference or const reference accordingly.

The only other interesting bit isthei s_cal | abl e<> specialization, which will be described in the next section.

Making Your Transform Callable

Transforms are typically of the form pr ot o: : when< Sonet hi ng,

R(AQ, AL, ...) >.Thequestion is whether R represents a

functionto call or an object to construct, and the answer determineshow pr ot o: : when<> evaluatesthetransform. pr ot o: : when<>
usestheproto: :is_cal | abl e<> trait to disambiguate between the two. Proto does its best to guess whether atypeis callable or
not, but it doesn't aways get it right. It's best to know the rules Proto uses, so that you know when you need to be more explicit.

For most typesR, prot o: : i s_cal | abl e<R> checksfor inheritance from pr ot o: : cal | abl e. However, if thetype Risatemplate
specialization, Proto assumesthat it is not callable even if the templateinheritsfrompr ot o: : cal | abl e. We'll seewhy in aminute.

Consider the following erroneous callable object:

/'l Proto can't tell this defines sonmething callable!

t enpl at e<t ypenane T>
struct times2 : proto::callable
{

typedef T result_type;

T operator()(T i) const

return i * 2;

}

/1 ERRORI This is not going to multiply the int

struct |ntTimes2
proto: : when<
proto::term nal <int>
tines2<int>(proto::_val ue)

{1

by 2:

The problem is that Proto doesn't know that t i mes2<i nt > is callable, so rather that invoking the t i mes2<i nt > function object,
Proto will try to construct at i mes2<i nt > object and initializeit will ani nt . That will not compile.
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S Note
Why can't Proto tell that t i nes2<i nt > iscallable?After all, itinheritsfrompr ot o: : cal | abl e, and that is detect-
able, right? The problem is that merely asking whether some type X<Y> inherits from cal | abl e will cause the
template X<Y> to be instantiated. That's a problem for a type like std:: vector<_val ue(_chil d1)>.
st d: : vect or <> will not suffer to beinstantiated with _val ue(_chi | d1) asatemplate parameter. Since merely
asking the question will sometimes result in a hard error, Proto can't ask; it has to assume that X<Y> represents an
object to construct and not afunction to call.

Thereareacouple of solutionstothet i nes2<i nt > problem. One solutionisto wrap thetransforminpr ot o: : cal | <>. Thisforces
Protototreatt i mes2<i nt > ascallable:

/1 OK, calls tines2<int>
struct IntTi mes2
pr ot o: : when<
proto::termnal <int>
proto::call<tines2<int>(proto::_val ue)>

i

This can be a bit of a pain, because we need to wrap every use of t i nes2<i nt >, which can be tedious and error prone, and makes
our grammar cluttered and harder to read.

Another solution isto specializeprot o: : i s_cal | abl e<>onourti mes2<> template:

nanespace boost { nanespace proto

{
/1l Tell Proto that tines2<> is callable
t enpl at e<t ypenane T>
struct is_callabl e<tines2<T> >
©onpl::true_
{h
}}

/1 OK tines2<> is callable
struct IntTi mes2
pr ot o: : when<
proto::termnal <int>
ti mes2<int>(proto::_val ue)

i

Thisis better, but still a pain because of the need to open Proto’'s namespace.

You could simply make sure that the callable type is not atemplate specialization. Consider the following:

/1 No longer a tenplate specialization
struct times2int : tinmes2<int> {}

/1 OK, tinmes2int is callable
struct IntTimes2
prot o: : when<
proto::termnal <int>
tinmes2int(proto::_val ue)

i
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Thisworks because now Proto can tell that t i mes2i nt inherits (indirectly) from pr ot o: : cal | abl e. Any non-template types can
be safely checked for inheritance because, as they are not templates, there is no worry about instantiation errors.

There is one last way to tell Proto that t i mes2<> is callable. You could add an extra dummy template parameter that defaults to
proto::callable:

/1 Proto will recognize this as callable
tenpl ate<typenane T, typenane Callable = proto::callable>
struct times2 : proto::callable

{
typedef T result_type
T operator()(T i) const
{
return i * 2;
}
}

/1 OK this works!
struct IntTimes2
pr ot o: : when<
proto::termnal <int>
ti mes2<i nt >(proto:: _val ue)

i

Note that in addition to the extratemplate parameter, t i mes2<> still inheritsfrom pr ot o: : cal | abl e. That's hot necessary in this

example but it is good style because any types derived from ti mes2<> (asti mes2i nt defined above) will still be considered
calable.

Examples
A code example is worth athousand words ...

Hello World: Building an Expression Template and Evaluating It

A trivial example which builds and expression template and evaluatesit.
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TEELLELEEE i ririrrd
/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)

#i ncl ude <i ostreanr

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>

/1 This #include is only needed for conpilers that use typeof enulation:
#i ncl ude <boost/typeof/std/ ostream hpp>

namespace proto = boost:: proto;

proto::termnal < std::ostream & >::type cout_ = {std::cout};

tenpl at e< typenanme Expr >
voi d eval uate( Expr const & expr )

{ proto::default_context ctx;
proto::eval (expr, ctx);

}

int main()

{
evaluate( cout_ << "hello" << ',' << " world" );
return O;

}

Calc1: Defining an Evaluation Context

A simple example that builds a miniature embedded domain-specific language for lazy arithmetic expressions, with TR1 bind-style
argument placeholders.
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/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)
I

/1 This is a sinple exanple of how to build an arithnetic expression
/1 evaluator with placehol ders

#i ncl ude <i ostreanr

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>
namespace proto = boost::proto
using proto:: _;

tenpl ate<int |> struct placeholder {}
/1 Define sone placehol ders

proto::terninal < placeholder< 1 > >::type const _1
proto::terninal < placeholder< 2 > >::type const _2

{{}};
{{}}

’

/1 Define a calculator context, for evaluating arithnetic expressions
struct cal cul at or _cont ext
. proto::callable_context< cal cul ator_context const >

{
/1 The val ues bound to the pl acehol ders
doubl e d[ 2]
/1 The result of evaluating arithnetic expressions
typedef double result_type
explicit cal cul ator_context(double d1 = 0., double d2 = 0.)
{
d[0] = d1
d[1] = d2
}
/1 Handl e the eval uation of the placeholder termnals
tenplate<int |>
doubl e operator ()(proto::tag::termnal, placehol der<l>) const
{
returndf | - 1]
}
s

t enpl at e<t ypenane Expr>
doubl e eval uate( Expr const &expr, double dl1 = 0., double d2 = 0. )

{
/1l Create a calculator context with dl and d2 substituted for _1 and _2
cal cul ator _context const ctx(dl, d2)
/1 Evaluate the cal cul ator expression with the cal cul at or _cont ext
return proto::eval (expr, ctx)

}

int main()

{

/1 Displays "5"
std::cout << evaluate( _1 + 2.0, 3.0 ) << std::endl

/1 Displays "6"
std::cout << evaluate( _1 * _2, 3.0, 2.0 ) << std::endl
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/1 Displays "0.5"
std::cout << evaluate( (_1 - _2) / _2, 3.0, 2.0 ) << std::endl;

return O

Calc2: Addlng Members Using prot o: : ext ends<>

An extension of the Calcl examplethat uses pr ot o: : ext ends<> to make calculator expressions valid function objects that can be
used with STL agorithms.

/'l Copyright 2008 Eric Niebler. Distributed under the Boost

/'l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_ 1_0.txt or copy at http://ww.boost.org/LI CENSE 1 0. txt)
/1

/'l This exanpl e enhances the sinple arithmetic expression eval uator
/1 in calcl.cpp by using proto::extends to make arithnetic

/'l expressions immedi ately evaluable with operator (), a-la a

/1 function object

#i ncl ude <i ostrean>

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>
namespace proto = boost:: proto;
using proto::_;

t enpl at e<t ypenanme Expr>
struct cal cul at or _expression

/'l Tell proto how to generate expressions in the cal cul ator_domain
struct cal cul ator_domain
proto: : donmai n<pr ot o: : gener at or <cal cul at or _expr essi on> >

0

/'l W1l be used to define the placeholders _1 and _2
tenpl ate<int 1> struct placehol der {}

/'l Define a calculator context, for evaluating arithnetic expressions
/1 (This is as before, in calcl.cpp)
struct cal cul ator_cont ext
. proto::callable_context< cal cul ator_context const >
{
/'l The val ues bound to the placehol ders
doubl e d[ 2]

/'l The result of evaluating arithmetic expressions
t ypedef doubl e result_type

explicit calcul ator_context(double d1 = 0., double d2 = 0.)

di;
d2

/1 Handl e the eval uation of the placeholder termnals
tenplate<int |>
doubl e operator ()(proto::tag::termnal, placeholder<l>) const

{
}

returndf | - 1]
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};

/1 Wap all calculator expressions in this type, which defines
/1 operator () to evaluate the expression.
t enpl at e<t ypenane Expr>
struct cal cul ator _expression
. proto::extends<Expr, cal cul ator_expressi on<Expr>, cal cul ator_donai n>

{
explicit cal cul ator_expressi on(Expr const &expr = Expr())
. cal cul at or _expression:: prot o_ext ends(expr)
{}
BOOST_PROTO_EXTENDS_USI NG_ASSI GN( cal cul at or _expr essi on<Expr >)
/1l CQverride operator () to evaluate the expression
doubl e operator ()() const
{
cal cul ator _context const ctx;
return proto::eval (*this, ctx);
}
doubl e operator () (double dl) const
{
cal cul ator _context const ctx(dl);
return proto::eval (*this, ctx);
}
doubl e operator () (double dl1, double d2) const
{
cal cul ator _context const ctx(dl, d2);
return proto::eval (*this, ctx);
}
s

/1 Define sonme placeholders (notice they're wapped in cal cul ator_expressi on<>)
cal cul at or _expressi on<proto::term nal < placeholder< 1 > >::type> const _1;
cal cul at or _expressi on<proto::term nal < placeholder< 2 > >::type> const _2;

/1 Now, our arithnetic expressions are i nmedi ately executable function objects:

int main()
{
/1 Displays "5"
std::cout << (_1 + 2.0)( 3.0 ) << std::endl;
/1 Displays "6"
std::cout << ( _1* 2 )( 3.0, 2.0 ) << std::endl;
/1 Displays "0.5"
std::cout << ( (_1- _2)/ _2)( 3.0, 2.0) << std::endl;
return O;
}

Calc3: Defining a Simple Transform

An extension of the Calc2 example that uses a Proto transform to calculate the arity of a calculator expression and statically assert

that the correct number of arguments are passed.
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/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)
I

/1 This exanpl e enhances the arithnetic expression eval uator

/1l in calc2.cpp by using a proto transformto cal culate the

/'l nunber of argunments an expression requires and using a

/1 conpile-tinme assert to guarantee that the right nunber of

/1 argunents are actually specified

#i ncl ude <i ostreanr

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

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

#i ncl ude <boost/ npl/ m n_max. hpp>

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>
#i ncl ude <boost/ proto/transform hpp>
nanmespace npl = boost::npl;
namespace proto = boost::proto

using proto:: _;

/1 WIl be used to define the placeholders _1 and _2
tenpl at e<typenane | > struct placeholder : | {};

/1 This granmar basically says that a cal cul ator expression is one of:

/1 - A placehol der term na
/1 - Sone other termnna
/1 - Sonme non-term nal whose children are cal cul ator expressions

/1 In addition, it has transfornms that say how to cal cul ate the
/'l expression arity for each of the three cases.
struct Cal cul at or G anmar

proto::or_<

/'l placehol ders have a non-zero arity ..
proto: :when< proto::termnal < placehol der<_> > proto::_value >

/1 Any other termnals have arity 0 ..
, proto::when< proto::termnal<_> npl::int_<0>() >

/1 For any non-terminals, find the arity of the children and
/'l take the maxi mum This is recursive.
, proto::when< proto::nary_expr<_, proto::vararg<_> >
, proto::fold<_, npl::int_<0>(), npl::max<Cal cul atorGrammar, proto::_state>() > >

{1

/1 Sinmple wapper for calculating a calculator expression's arity.
/1 It specifies npl::int_<0> as the initial state. The data, which
/1 is not used, is npl::void._.

t enpl at e<t ypenane Expr>

struct calculator_arity

boost: : resul t _of <Cal cul at or G amar ( Expr) >

0

t enpl at e<t ypenane Expr>
struct cal cul at or _expression

/1 Tell proto how to generate expressions in the cal cul ator_donain
struct cal cul ator_donmin
proto: : domai n<prot o: : gener at or <cal cul at or _expr essi on> >

{1
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/1 Define a calculator context, for evaluating arithnetic expressions
/1 (This is as before, in calcl.cpp and cal c2.cpp)
struct cal cul at or _cont ext

. proto::callable_context< cal cul ator_context const >

{
/1 The val ues bound to the pl acehol ders
doubl e d[ 2]
/1 The result of evaluating arithnetic expressions
typedef double result_type
explicit cal cul ator_context(double d1 = 0., double d2 = 0.)
{
d[0] = d1
d1] = d2
}
/1 Handl e the eval uation of the placeholder termnals
t enpl at e<typenane | >
doubl e operator ()(proto::tag::termnal, placehol der<l>) const
{
return df 1() - 1]
}
s

/1 Wap all calculator expressions in this type, which defines
/1 operator () to evaluate the expression.
t enpl at e<t ypenane Expr>
struct cal cul at or _expression
proto:: extends<Expr, cal cul ator_expressi on<Expr>, cal cul ator_donai n>
{

t ypedef
proto:: extends<Expr, cal cul ator_expressi on<Expr>, cal cul ator_donai n>
base_t ype
explicit cal cul ator_expressi on( Expr const &expr = Expr())
base_t ype(expr)
{}
BOOST_PROTO_EXTENDS_USI NG_ASSI GN( cal cul at or _expr essi on<Expr >)

/1l CQverride operator () to evaluate the expression
doubl e operator ()() const

{
/'l Assert that the expression has arity O
BOOST_MPL_ASSERT_RELATI ON(0, ==, calculator_arity<Expr>::type::value)
cal cul ator _context const ctx
return proto::eval (*this, ctx);

}

doubl e operator ()(double dl) const

{
/'l Assert that the expression has arity 1
BOOST_MPL_ASSERT_RELATI ON(1, ==, calculator_arity<Expr>::type::value)
cal cul ator _context const ctx(dl)
return proto::eval (*this, ctx);

}

doubl e operator () (double dl1, double d2) const

{
/'l Assert that the expression has arity 2
BOOST_MPL_ASSERT_RELATI ON(2, ==, calculator_arity<Expr>::type::value)
cal cul ator _context const ctx(dl, d2)
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return proto::eval (*this, ctx)

}
s
/1 Define sonme placeholders (notice they're wapped in cal cul ator_expressi on<>)
cal cul at or _expressi on<proto::term nal < placeholder< npl::int_<1> > >::type> const _1;
cal cul at or _expressi on<proto::term nal < placeholder< npl::int_<2> > >::type> const _2;

/1 Now, our arithnetic expressions are i nmedi ately executable function objects
int main()

{
/1 Displays "5"
std::cout << (_1 + 2.0)( 3.0 ) << std::endl;
/1 Displays "6"
std::cout << ( _1* 2 )( 3.0, 2.0 ) << std::endl;
/1 Displays "0.5"
std::cout << ( (_1- _2) / _2)( 3.0, 2.0 ) << std::endl
/1 This won't conpil e because the arity of the
/'l expression doesn't nmatch the nunber of argunents
I (2 - 21 _2)( 3.0);
return O
}

Lazy Vector: Controlling Operator Overloads

This example constructs a mini-library for linear algebra, using expression templates to eliminate the need for temporaries when
adding vectors of numbers.

This example uses a domain with a grammar to prune the set of overloaded operators. Only those operators that produce valid lazy
vector expressions are allowed.
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TEELEEEEEE i rrrrrrrrrrrrr
/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)
I

/1l This exanple constructs a mni-library for |inear algebra, using
/'l expression tenplates to elinmnate the need for tenporaries when
/1 adding vectors of nunbers.

I

/1 This exanple uses a donmain with a granmar to prune the set

/1 of overloaded operators. Only those operators that produce

/1 valid lazy vector expressions are allowed.

#i ncl ude <vector>

#i ncl ude <i ostreanr

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

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>
nanmespace npl = boost::npl;
namespace proto = boost::proto
using proto:: _;

t enpl at e<t ypenane Expr>
struct |azy_vector_expr

/1 This granmar describes which | azy vector expressions
/'l are allowed; nanely, vector ternminals and addition
/1 and subtraction of |azy vector expressions.
struct LazyVect or G ammar
proto::or_<
proto::termnal < std::vector<_> >
proto:: plus< LazyVectorG amuar, LazyVectorG anmar >
proto:: mnus< LazyVectorGrammar, LazyVector G ammar >

{1

/1 Tell proto that in the |lazy_vector_domain, al

/'l expressions shoul d be wapped in | axy_vector_expr<>

/1 and nust conformto the |azy vector gramar.

struct |azy_vector_donain

proto: : domai n<proto::generator<lazy_vector_expr>, LazyVectorG amar >

0

/1 Here is an evaluation context that indexes into a |azy vector
/1 expression, and conbines the result.
tenpl at e<typenane Size = std::size_t>
struct |azy_subscript_context
{

| azy_subscri pt _context (Si ze subscript)

subscri pt _(subscript)
{}

/1 Use default_eval for all the operations ..
t enpl at e<t ypenane Expr, typenane Tag = typenane Expr::proto_tag>
struct eval
. proto::default_eval <Expr, |azy_subscript_context>
{h

/1 ... except for termnals, which we index with our subscript
t enpl at e<t ypenane Expr>
struct eval <Expr, proto::tag::termnal>

{

typedef typenane proto::result_of::val ue<Expr>::type::value_type result_type
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result_type operator ()( Expr const & expr, l|lazy_subscript_context & ctx ) const

{
}

return proto::value( expr )[ ctx.subscript_ |
s

Si ze subscript_;

};

/1 Here is the donmin-specific expression w apper, which overrides
/1l operator [] to evaluate the expression using the |azy_subscript_context.
t enpl at e<t ypenane Expr>
struct |azy_vector_expr
proto::extends<Expr, |azy_vector_expr<Expr>, |azy_vector_donai n>

{
| azy_vector _expr( Expr const & expr = Expr() )
| azy_vector _expr::proto_extends( expr )
{}
/1 Use the lazy_subscript_context<> to inplenment subscripting
/1 of a lazy vector expression tree.
tenpl ate< typenane Size >
typenane proto::result_of::eval < Expr, |azy_subscript_context<Si ze> >::type
operator []( Size subscript ) const
{
| azy_subscri pt _cont ext <Si ze> ct x(subscri pt)
return proto::eval (*this, ctx);
}
s
/1l Here is our lazy vector termnal, inplemented in terns of |azy_vector_expr

tenpl ate< typename T >
struct |azy_vector
| azy_vector _expr< typenane proto::termnal < std::vector<T> > :type >

{

typedef typenane proto::termnal < std::vector<T> >::type expr_type

| azy_vector( std::size_t size = 0, T const & value = T() )
| azy_vect or _expr<expr_type>( expr_type:: make( std::vector<T>( size, value ) ) )

{}

/1 Here we define a += operator for lazy vector term nals that
/'l takes a lazy vector expression and indexes it. expr[i] here
/1 uses |azy_subscript_context<> under the covers.
tenpl at e< typenanme Expr >
| azy_vector &operator += (Expr const & expr)
{
std::size_t size = proto::value(*this).size();
for(std::size t i =0; i < size; ++i)

{
}

return *this;

proto::value(*this)[i] += expr[i]

int main()

/'l lazy_vectors with 4 el enents each
| azy_vector< double > v1( 4, 1.0 ), v2( 4, 2.0), v3( 4, 3.0)

/1 Add two vectors lazily and get the 2nd el enent.
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double d1 = ( v2 + v3)[ 2 ]; /1 Look ma, no tenporaries
std::cout << dl1 << std::endl;

/! Subtract two vectors and add the result to a third vector

vl += v2 - v3; /1 Still no tenporaries!
std::cout << '"{' << vl1[0] << ',' << vl[1]
<< ', << wvl[2] << ', << vl[3] << '}' << std::endl;

/1 This expression is disallowed because it does not conform
/1 to the LazyVector G ammar
/1 (v2 + v3) += vi;

return O

RGB: Type Manipulations with Proto Transforms

Thisis a simple example of doing arbitrary type manipulations with Proto transforms. It takes some expression involving primary
colors and combines the colors according to arbitrary rules. It is a port of the RGB example from PETE.

NN NN NNy
/'l Copyright 2008 Eric Niebler. Distributed under the Boost

/'l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_ 1_0.txt or copy at http://ww.boost.org/LI CENSE 1 0. txt)

/1

/'l This is a sinple exanple of doing arbitrary type nanipulations with proto

/'l transforms. It takes sonme expression involving primary colors and conbi nes
/'l the colors according to arbitrary rules. It is a port of the RGB exanple

/'l from PETE (http://ww. codesourcery. conl poona/ downl oad. ht m ).

#i ncl ude <i ostreanm>

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/proto/transform hpp>
namespace proto = boost:: proto;

struct RedTag

{
friend std::ostream &operator <<(std::ostream &out, RedTag)
{
return sout << "This expression is red.";
}
s
struct Bl ueTag
{
friend std::ostream &operator <<(std::ostream &sout, Bl ueTag)
{
return sout << "This expression is blue.";
}
s
struct GreenTag
{
friend std::ostream &operator <<(std::ostream &out, G eenTag)
{
return sout << "This expression is green.";
}
s

typedef proto::term nal <RedTag>: :type RedT;
typedef proto::term nal <Bl ueTag>: :type Bl ueT;
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typedef proto::termnal <G eenTag>::type G eenT,;

struct Red;
struct Bl ue;
struct G een;

TEELEEEEE i rrrrrrrirrrrr
/1 A transformthat produces new colors according to sonme arbitrary rules:
/1 red & green give blue, red & blue give green, blue and green give red.
struct Red
proto::or_<

proto:: plus<Green, Blue>

proto:: plus<Blue, G een>

proto:: plus<Red, Red>

proto::term nal <RedTag>

{1

struct G een
proto::or_<
proto:: plus<Red, Blue>
proto:: plus<Bl ue, Red>
proto::plus<Green, Geen>
proto::term nal <G eenTag>

{1

struct Bl ue
proto::or_<
proto:: plus<Red, G een>
proto:: plus<Geen, Red>
proto:: plus<Bl ue, Blue>
proto::term nal <Bl ueTag>

>
{h
struct RGB
proto::or_<
proto::when< Red, RedTag() >
proto::when< Blue, BlueTag() >
proto::when< Green, GreenTag() >
>
{h

t enpl at e<t ypenane Expr>
voi d printCol or (Expr const & expr)

{
int i =0; // dumy state and data paraneter, not used
std::cout << RGB()(expr, i, i) << std::endl;
}
int main()
{
print Col or (RedT() + GreenT());
printCol or(RedT() + GreenT() + BlueT());
printColor(RedT() + (GeenT() + BlueT()));
return O;
}
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TArray: A Simple Linear Algebra Library

This example constructs a mini-library for linear algebra, using expression templates to eliminate the need for temporaries when
adding arrays of numbers. It duplicates the TArray example from PETE.

TELEEEEEE i i i
/1 Copyright 2008 Eric N ebler. Distributed under the Boost

/1l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)

I

/1 This exanple constructs a mni-library for |inear algebra, using

/'l expression tenplates to elimnate the need for tenporaries when

/1 adding arrays of nunbers. It duplicates the TArray exanple from

/1 PETE (http://ww. codesourcery.com poona/ downl oad. ht m )

#i ncl ude <i ostreanr

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

#i ncl ude <boost/ proto/ core. hpp>

#i ncl ude <boost/ prot o/ cont ext. hpp>
namespace npl = boost::npl;
nanespace proto = boost: : proto;
using proto::_;

/1 This grammar describes which TArray expressions
/1 are allowed; nanely, int and array term nals
/1 plus, mnus, multiplies and divides of TArray expressions.
struct TArrayG anmar
proto::or_<
proto::termnal < int >
proto::termnal < int[3] >
proto:: plus< TArrayG ammar, TArrayG amar >
proto::m nus< TArrayG ammar, TArrayG anmar >
proto::multiplies< TArrayG ammar, TArrayG ammar >
proto: :divides< TArrayG amrar, TArrayG amar >

i

t enpl at e<t ypenane Expr>
struct TArrayExpr;

/1 Tell proto that in the TArrayDomain, all

/'l expressions shoul d be wapped in TArrayExpr<> and

/1 must conformto the TArrayG anmar

struct TArrayDonai n

prot o: : domai n<pr ot o: : gener at or <TArrayExpr >, TArrayG anmar >

0

/'l Here is an evaluation context that indexes into a TArray
/'l expression, and conbines the result.
struct TArraySubscri pt Ct x

. proto::callable_context< TArraySubscriptCx const >

{
typedef int result_type;

TArraySubscriptCx(std: :ptrdiff_t i)
(i)

{}
/1 Index array termnals with our subscript. Everything
/1l else will be handl ed by the default eval uation context.
int operator ()(proto::tag::terminal, int const (&data)[3]) const
{
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return data[this->i _];

}

std::ptrdiff_t i_;
}s

/1l Here is an evaluation context that prints a TArray expression.
struct TArrayPrintCtx
. proto::callable_context< TArrayPrintCtx const >

{
typedef std::ostream & esult_type;
TArrayPrintCGx() {}
std::ostream &operator ()(proto::tag::termnal, int i) const
{
return std::cout << i;
}
std::ostream &operator ()(proto::tag::termnal, int const (&rr)[3]) const
{
return std::cout << '{' << arr[0Q0] << ", " << arr[l] << ", " <<arr[2] <<'}";
}
tenpl at e<typenane L, typenane R>
std::ostream &operator ()(proto::tag::plus, L const &, R const &) const
{
return std::cout << '(' << | << " + " << << )Y
}
tenpl at e<typenane L, typenane R>
std::ostream &operator ()(proto::tag::mnus, L const &, R const &) const
{
return std::cout << '(' << | << " - " << << )Y
}
tenpl at e<typenane L, typenane R>
std::ostream &operator ()(proto::tag::multiplies, L const &, R const &) const
{
return std::cout << | << " * " << r;
}
tenpl at e<typenane L, typenane R>
std::ostream &operator ()(proto::tag::divides, L const &, R const &r) const
{
return std::cout << | << " [ " << r;
}
s

/1 Here is the donmin-specific expression w apper, which overrides
/'l operator [] to evaluate the expression using the TArraySubscri pt Ctx.
t enpl at e<t ypenane Expr>
struct TArrayExpr
proto: : extends<Expr, TArrayExpr<Expr>, TArrayDonai n>
{

typedef proto::extends<Expr, TArrayExpr<Expr>, TArrayDonmai n> base_type;
TArrayExpr ( Expr const & expr = Expr() )

base_type( expr )
{}

/1 Use the TArraySubscriptCix to inplenment subscripting
/1 of a TArray expression tree.
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int operator []( std::ptrdiff_t i ) const

{
TArraySubscript Gt x const ctx(i);

return proto::eval (*this, ctx);

}

/1l Use the TArrayPrintCtx to display a TArray expression tree.
friend std::ostream &operator <<(std::ostream &out, TArrayExpr<Expr> const &expr)

{
TArrayPrint G x const ctx;
return proto::eval (expr, ctx);
}
s
/1 Here is our TArray terminal, inplenmented in terns of TArrayExpr

/1 It is basically just an array of 3 integers.
struct TArray
TArrayExpr< proto::termnal< int[3] > :type >

{
explicit TArray( int i =0, int j =0, int k =0)
{
(*this)[0] =1i;
(*this)[1] =j;:
(*this)[2] = k;
}
/1 Here we override operator [] to give read/wite access to
/'l the elenments of the array. (W could use the TArrayExpr
/1 operator [] if we nade the subscript context smarter about
/1 returning non-const reference when appropriate.)
int &perator [](std::ptrdiff_t i)
{
return proto::value(*this)[i];
}
int const &operator [](std::ptrdiff_t i) const
{
return proto::value(*this)[i];
}
/1 Here we define a operator = for TArray termnals that
/'l takes a TArray expression.
tenpl at e< typenanme Expr >
TArray &operator =(Expr const & expr)
{
/'l proto::as_expr<TArrayDomai n>(expr) is the sane as
/1l expr unless expr is an integer, in which case it
/1 is made into a TArrayExpr terminal first.
return this->assign(proto::as_expr<TArrayDomai n>(expr));
}
tenpl at e< typename Expr >
TArray &printAssign(Expr const & expr)
{
*this = expr;
std::cout << *this << " =" << expr << std::endl;
return *this;
}
private:

tenpl at e< typenanme Expr >
TArray &assign(Expr const & expr)
{
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/1 expr[i] here uses TArraySubscriptCtx under the covers

(*this)[0] = expr[0];
(*this)[1] = expr[1];
(*this)[2] = expr[2];
return *this;
}
}
int main()
{
TArray a(3,1,2)
TArray b
std::cout << a << std::endl
std::cout << b << std::endl
b[0] = 7; b[1] = 33; b[2] = -99
TArray c(a)
std::cout << c¢ << std::endl
a = 0;
std::cout << a << std::endl
std::cout << b << std::endl
std::cout << c¢ << std::endl
a=>b+c
std::cout << a << std::endl
a.printAssign(b+c*(b + 3*c));
return O
}

Vec3: Computing With Transforms and Contexts

Thisisasimple exampleusing pr ot o: : ext ends<> to extend aterminal type with additional behaviors, and using custom contexts
and prot o: : eval () for evaluating expressions. It isaport of the Vec3 example from PETE.
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TEELEEEEEE i rrrrrrrrrrrrr
/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)

I

/1 This is a sinple exanple using proto::extends to extend a terminal type with
/1 additional behaviors, and using custom contexts and proto::eval for

/'l evaluating expressions. It is a port of the Vec3 exanple

/1 from PETE (http://ww. codesourcery. conl poona/ downl oad. htm ).

#i ncl ude <i ostreanr

#i ncl ude <functional >

#i ncl ude <boost/assert. hpp>

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

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ context. hpp>
#i ncl ude <boost/ proto/ proto_typeof. hpp>
#i ncl ude <boost/ proto/transform hpp>
nanmespace npl = boost::npl;
namespace proto = boost::proto

using proto:: _;

/'l Here is an evaluation context that indexes into a Vec3
/1 expression, and conbines the result.
struct Vec3Subscript Ctx

proto::call abl e_context< Vec3SubscriptCx const >

{
typedef int result_type

Vec3SubscriptCx(int i)
Ci_(i)

{}

/1 Index array termnals with our subscript. Everything

/1 else will be handl ed by the default eval uation context.
int operator ()(proto::tag::terminal, int const (&rr)[3]) const

{

return arr[this->i _|;

};

/1 Here is an evaluation context that counts the nunber
/1 of Vec3 terminals in an expression
struct Count LeavesCt x
proto::call abl e_context< CountLeavesCtx, proto::null_context >

{
Count LeavesCt x()

. count (0)
{}
typedef void result_type

voi d operator ()(proto::tag::termnal, int const(&)][3])

{
}

++t hi s- >count ;

int count;

};

struct iplus : std::plus<int> proto::callable {}
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/1
/1
/1
/1
/1

Here is a transformthat does the sane thing as the above context.

It denponstrates the use of the std::plus<> function object
with the fold transform Wth nminor nodifications, this
transformcoul d be used to calculate the | eaf count at conpile
tinme, rather than at runtine.

struct Count Leaves

{1

/1

proto::or_<
/1 match a Vec3 termnal, return 1
proto: :when<proto::termnal<int[3]> npl::int_<1>() >
/1 match a terminal, return int() (which is 0)
proto: :when<proto::termnal<_> int() >
/1 fold everything else, using std::plus<>to add
/'l the leaf count of each child to the accunul ated state

proto::otherwi se< proto::fold<_, int(), iplus(CountlLeaves

Here is the Vec3 struct, which is a vector of 3 integers.

struct Vec3

{

proto::extends<proto::terminal<int[3]> :type, Vec3>

explicit Vec3(int i=0, int j=0, int k=0)

{

(*this)[0] =i

(*this)[1] =j;

(*this)[2] =k
}
int &perator [](int i)
{

return proto::value(*this)[i]
}
int const &operator [](int i) const
{

return proto::value(*this)[i]
}

/1 Here we define a operator = for Vec3 terminals that
/'l takes a Vec3 expression

tenpl at e< typenanme Expr >

Vec3 &operator =(Expr const & expr)

proto:: _state) > >

{
t ypedef Vec3SubscriptCx const CVec3SubscriptCtx;
(*this)[0] = proto::eval (proto::as_expr(expr), CVec3SubscriptCx(0))
(*this)[1] = proto::eval (proto::as_expr(expr), CVec3SubscriptCx(1))
(*this)[2] = proto::eval (proto::as_expr(expr), CVec3SubscriptCx(2))
return *this;

}

/1 This copy-assign is needed because a tenplate is never
/'l considered for copy assignnent.
Vec3 &operator=(Vec3 const &that)

{
(*this)[0] = that[O0];
(*this)[1] = that[1];
(*this)[2] = that[2];
return *this;

}

void print() const

{

107

httpo://www.renderx.com/


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

Boost.Proto

std::cout << '"{' << (*this)[0]
<< ", " << (*this)[1]
<< ", " << (*this)[2]
<< '}' << std::endl;

};

/1 The count _| eaves() function uses the CountlLeaves transform and
/1 to count the nunber of |eaves in an expression.
t enpl at e<t ypenane Expr>
int count_I| eaves(Expr const &expr)
{
/1 Count the nunber of Vec3 terminals using the
/I Count LeavesCt x eval uation context.
Count LeavesCt x ctx;
proto::eval (expr, ctx);

/1 This is another way to count the |eaves using a transform
int i =0;
BOOST_ASSERT( Count Leaves()(expr, i, i) == ctx.count );

return ctx.count;

int main()

Vec3 a, b, c;

o
=
TRNTIT
N

a.print();

Vec3 d;

BOOST_PROTO _AUTO(exprl, b + c);
d = expril;

d.print();

int num= count _| eaves(exprl);
std::cout << num << std::endl;

BOOST_PROTO AUTO(expr2, b + 3 * ¢);
num = count _| eaves(expr2);
std::cout << num << std::endl;
BOOST_PROTO AUTO(expr3, b + ¢ * d);
num = count _| eaves(expr3);
std::cout << num << std::endl;

return O;

Vector: Adapting a Non-Proto Terminal Type

Thisis an example of using BOOST_PROTO_DEFI NE_OPERATORS() to Protofy expressions using st d: : vect or <>, a hon-Proto
type. It isaport of the Vector example from PETE.
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TEELEEEEEE i rrrrrrrrrrrrr
/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)

I

/1 This is an exanpl e of using BOOST_PROTO _DEFI NE_OPERATCRS to Protofy

/'l expressions using std::vector<> a non-proto type. It is a port of the

/'l Vector exanple from PETE (http://ww. codesourcery. conl poorma/ downl oad. hti ).

#i ncl ude <vector>

#i ncl ude <i ostreanr

#i ncl ude <stdexcept >

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

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ debug. hpp>
#i ncl ude <boost/ prot o/ context. hpp>
#i ncl ude <boost/utility/enable_if.hpp>
nanmespace npl = boost::npl;
namespace proto = boost::proto
using proto:: _;

t enpl at e<t ypenane Expr>
struct Vect or Expr

/'l Here is an evaluation context that indexes into a std::vector
/'l expression and conbines the result.
struct Vector Subscript Ct x

{
Vect or SubscriptCtx(std: :size_t i)
Ci_(i)
{}
/'l Unless this is a vector ternminal, use the
/'l default eval uation context
t enpl at e<t ypenane Expr, typenane Enablelf = void>
struct eval
. proto::default_eval <Expr, VectorSubscriptCtx const>
{h
/1 Index vector termnals with our subscript.
t enpl at e<t ypenane Expr>
struct eval <
Expr
typenane boost::enable_if<
proto:: matches<Expr, proto::termnal <std::vector<_, _> > >
> type
>
{
typedef typenane proto::result_of::val ue<Expr>::type::value_type result_type
result_type operator () (Expr &expr, VectorSubscriptCx const &ctx) const
{
return proto::value(expr)[ctx.i_]
}
}s
std::size_t i_
}s

/!l Here is an evaluation context that verifies that all the
/1l vectors in an expression have the sane size
struct VectorSi zeCt x

{
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Vector Si zeCt x(std::size_t size)
. size_(size)
{}

/1 Unless this is a vector term nal, use the
/1 null eval uation context
t enpl at e<t ypenane Expr, typenane Enablelf = void>
struct eval
proto::null _eval <Expr, VectorSizeCx const>

{1

/1 Index array termnals with our subscript. Everything

/1 else will be handl ed by the default eval uation context.

t enpl at e<t ypenane Expr>
struct eval <
Expr
, typenane boost::enable_if<

proto:: matches<Expr, proto::termnal <std::vector<_, _> > >
> type
>
{
typedef void result_type;
result _type operator ()(Expr &expr, VectorSizeCtx const &ctx) const
{
if(ctx.size_ != proto::value(expr).size())
{
throw std::runtine_error("LHS and RHS are not conpatible");
}
}
s

std::size_t size_;

};

/1 A grammar which matches all the assignnment operators,
/1 so we can easily disable them
struct Assi gnQps

proto::swtch_<struct AssignOpsCases>

{1

/1l Here are the cases used by the switch_ above.
struct Assi gnQpsCases

{
tenpl at e<typenane Tag, int D = 0> struct case_ : proto::not_<_ > {};
tenpl ate<int D> struct case_< proto::tag::plus_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::mnus_assign, D> _{
tenpl ate<int D> struct case_< proto::tag::nmultiplies_assign, D> _{
tenpl ate<int D> struct case_< proto::tag::divides_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::nodulus_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::shift_left_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::shift_right_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::bitw se_and_assign, D > _{
tenpl ate<int D> struct case_< proto::tag::bitwi se_or_assign, D> _{
tenpl ate<int D> struct case_< proto::tag::bitw se_xor_assign, D > _{

s

/1 A vector granmar is a terminal or sone op that is not an
/'l assignnment op. (Assignnent will be handl ed specially.)
struct Vector G anmar
proto::or_<
proto::termnal < >

e e e e e e e o
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, proto::and_<proto::nary_expr<_, proto::vararg<VectorGanmar> >, proto::not_<AssignQps> >
>

{1

/1l Expressions in the vector domain will be wapped in VectorExpr<>
/1 and nust conformto the Vector G anmar
struct VectorDomai n

prot o: : domai n<pr ot o: : gener at or <Vect or Expr >, Vect or G anmar >

{1

/1 Here is VectorExpr, which extends a proto expr type by
/1l giving it an operator [] which uses the VectorSubscriptCtx
/1 to evaluate an expression with a given index.
t enpl at e<t ypenane Expr>
struct Vect or Expr
proto: : extends<Expr, VectorExpr<Expr>, VectorDonmai n>
{

explicit VectorExpr(Expr const &expr)
proto:: extends<Expr, VectorExpr<Expr>, VectorDomai n>(expr)
{}

/1 Use the VectorSubscriptCix to inplenment subscripting
/1 of a Vector expression tree.
typenane proto::result_of::eval <Expr const, VectorSubscriptCx const>::type
operator []( std::size_t i ) const
{
Vect or Subscri pt &t x const ctx(i);
return proto::eval (*this, ctx);

};

/1 Define a trait type for detecting vector termnals, to
/1 be used by the BOOST_PROTO DEFI NE_OPERATORS nacro bel ow.
t enpl at e<t ypenane T>

struct |sVector

: npl::fal se_

{h

t enpl at e<t ypename T, typenane A>
struct IsVector<std::vector<T, A> >

©onpl::true_
{h
namespace Vector Ops
{
/1 This defines all the overloads to nake expressions involving
/1 std::vector to build expression tenplates.
BOOST_PROTO_DEFI NE_OPERATORS( | sVect or, Vect or Donai n)
t ypedef Vector Subscri ptCtx const CVector Subscri pt ¢t x;
/1 Assign to a vector from sone expression.
tenpl at e<typenane T, typenanme A typenane Expr>
std::vector<T, A> &assign(std::vector<T, A> &arr, Expr const &expr)
{
Vector Si zeCt x const size(arr.size());
proto::eval (proto::as_expr<VectorDonai n>(expr), size); // will throwif the sizes don't O
mat ch
for(std::size_t i =0; i < arr.size(); ++i)
{

arr[i] = proto::as_expr<VectorDomai n>(expr)[i];
}

return arr;
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}

/1 Add-assign to a vector from sone expression
tenpl at e<typenane T, typenane A typenanme Expr>
std::vector<T, A> &operator +=(std::vector<T, A> &arr, Expr const &expr)

{
Vector Si zeCt x const size(arr.size())
proto::eval (proto::as_expr<VectorDonai n>(expr), size); // will throwif the sizes don't O
mat ch
for(std::size_t i =0; i < arr.size(); ++i)
{
arr[i] += proto::as_expr<VectorDomai n>(expr)[i]
}
return arr
}
}
int main()
{
usi ng nanmespace Vector Ops;
int i;
const int n = 10
std::vector<int> a,b,c,d
std: : vector<doubl e> e(n)
for (i =0; i <n; ++i)
{
a. push_back(i);
b. push_back(2*i);
c. push_back(3*i);
d. push_back(i);
}
Vect or Ops: : assign(b, 2);
VectorQps::assign(d, a + b * ¢)
a += if_else(d < 30, b, c);
Vector Qps: : assign(e, ¢);
e +t=e - 4/ (c + 1);
for (i =0; i <n; ++i)
{
std:: cout
<< " oa(" << << ") =" << ali]
<< " b(" << << ") =" << b[i]
<< " oc(" << << ") =" << ¢[i]
<< " od(" << << ") =" << d[i]
<< " oe(" << o<<") =" << g[i]
<< std::endl
}
}

Mixed: Adapting Several Non-Proto Terminal Types

Thisisan exampleof using BOOST_PROTO_DEFI NE_CPERATORS( ) to Protofy expressionsusingst d: : vect or <>andstd: : | i st <>,
non-Proto types. It isaport of the Mixed example from PETE.
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TEELEEEEEE i rrrrrrrrrrrrr
/1 Copyright 2008 Eric Niebler. Distributed under the Boost

/1 Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)

I
/1 This is an exanpl e of using BOOST_PROTO _DEFI NE_OPERATCRS to Protofy
/'l expressions using std::vector<> and std::list, non-proto types. It is a port

/1 of the M xed exanple from PETE
/'l (http://ww. codesourcery. conl poona/ downl oad. htm ).

#include <list>

#i ncl ude <cmat h>

#i ncl ude <vector>

#i ncl ude <conpl ex>

#i ncl ude <i ostreanr

#i ncl ude <stdexcept >

#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/ prot o/ debug. hpp>

#i ncl ude <boost/ prot o/ context. hpp>

#i ncl ude <boost/ proto/transform hpp>

#i ncl ude <boost/utility/enable_if.hpp>
#i ncl ude <boost/typeof/std/list. hpp>

#i ncl ude <boost/typeof/std/vector. hpp>
#i ncl ude <boost/typeof/std/ conpl ex. hpp>
#i ncl ude <boost/type_traits/renove_reference. hpp>
namespace proto = boost::proto
nanmespace npl = boost:: npl;

using proto:: _;

t enpl at e<t ypenane Expr>
struct M xedExpr

tenpl at e<typenane Iter>
struct iterator_w apper

{
typedef Iter iterator
explicit iterator_wapper(lter iter)
cit(iter)
{}
mutable lter it;
s
struct begin : proto::callable
{

t enpl at e<cl ass Si g>
struct result;

tenpl at e<cl ass This, class Cont>
struct result<This(Cont)>
proto::result_of::as_expr<
i terator_w apper <typenane boost::renove_reference<Cont>::type::const_iterator>
>

{1

t enpl at e<t ypenane Cont >

t ypenane resul t <begi n(Cont const &) >::type

operator ()(Cont const &cont) const

{
iterator_w apper<typenane Cont::const_iterator> it(cont.begin());
return proto::as_expr(it)
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};

/1l Here is a granmmar that replaces vector and list terminals with their
/1 begin iterators
struct Begin
proto::or_<
proto::when< proto::termnal < std::vector<_, _> > begin(proto::_value) >
, proto::when< proto::terminal< std::list<_, _> > begin(proto::_value) >
, proto::when< proto::termnal<_> >
, proto::when< proto::nary_expr<_, proto::vararg<Begin> > >
>

{1

/!l Here is an evaluation context that dereferences iterator
/] term nals.
struct DereferenceCtx

{
// Unless this is an iterator ternmnal, use the
/1 default eval uation context
t enpl at e<t ypenane Expr, typenane Enablelf = void>
struct eval
proto::default_eval <Expr, DereferenceCx const>
{}
/1 Dereference iterator termnals.
t enpl at e<t ypenane Expr>
struct eval <
Expr
, typenane boost::enable_if<
proto:: matches<Expr, proto::termnal <iterator_wapper<_> > >
> type
>
{
typedef typenane proto::result_of::val ue<Expr>::type |teratorWapper
typedef typenane |teratorWapper::iterator iterator
typedef typenane std::iterator_traits<iterator>::reference result_type
result _type operator ()(Expr &expr, DereferenceCtx const & const
{
return *proto::value(expr).it
}
}s
}s

/!l Here is an evaluation context that increnents iterator
/] term nals.
struct IncrenentCtx
{
// Unless this is an iterator ternmnal, use the
/1l default eval uation context
t enpl at e<t ypenane Expr, typenane Enablelf = void>
struct eval
proto::null _eval <Expr, IncrenentCtx const>

{1

/'l advance iterator termnals.
t enpl at e<t ypenane Expr>
struct eval <
Expr
, typenane boost::enable_if<
proto:: matches<Expr, proto::termnal <iterator_wapper<_> > >
> type
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typedef void result_type;

result_type operator ()(Expr &expr,

{

++proto::value(expr).it;

}
};
};

/1 A grammar whi ch matches all

/1 so we can easily disable them

struct Assi gnQps
proto::swtch_<struct AssignOpsCases>

{1

I ncrement Ct x const &) const

the assi gnnment operators,

/1l Here are the cases used by the switch_ above.
struct Assi gnQpsCases

{

t enpl at e<t ypenane Tag,

t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
t enpl at e<i
s

nt
nt
nt
nt
nt
nt
nt
nt
nt
nt

VA A A A A AR AY

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

int D= 0> struct

case_<
case_<
case_<
case_<
case_<
case_<
case_<
case_<
case_<
case_<

proto:
proto:
proto:
proto:
proto:
proto:
proto:
proto:
proto:
proto:

‘tag::
‘tag::
‘tag::
‘tag::
‘tag::
‘tag::
‘tag::
‘tag::
‘tag::
‘tag::

case_ : proto::not_<_> {};

plus_assign, D >

m nus_assign, D >

nmul tiplies_assign, D>
di vi des_assign, D >
nodul us_assign, D >
shift _left_assign, D >
shift _right_assign, D >
bitwi se_and_assign, D >
bitwi se_or_assign, D >
bitwi se_xor_assign, D >

e Rae Rt Rate W Wa ot Wt et P
e e e e e e o o

/1 An expression conforns to the MxedGanmar if it is a terminal or sone

/1 op that is not an assignnment op.

struct M xedG anmar

proto::or_
proto::termnal < >
, proto::and_<
proto::nary_expr<_,
, proto::not_<Assi gnQps>

>

{1

<

/1 Expressions in the M xedDomain wl|

/1 and nust conformto the M xedG amar

struct M xedDonai n
pr ot o: : dommi n<pr ot o: : gener at or <M xedExpr >, M xedG anmar >

{1

/'l Here is M xedExpr,

t enpl at e<t ypenane Expr>

struct M xedExpr
pr ot o: : ext ends<Expr,

explicit M xedExpr (Expr const &expr)
M xedExpr : : pr ot o_ext ends( expr)

usi ng proto::extends<Expr,

{

{}
private:

/1 hide this:
}s

M xedExpr <Expr >,

(Assignment will be handl ed specially.)

proto::vararg<M xedG anmar > >

be wrapped in M xedExpr<>

a wrapper for expression types in the M xedDonai n.

M xedDonmai n>

M xedExpr <Expr >, M xedDormi n>: : operator [];
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/1 Define a trait type for detecting vector and list termnals, to
/1 be used by the BOOST_PROTO _DEFI NE_OPERATORS nacro bel ow.

t enpl at e<t ypenane T>

struct |sM xed

: npl::fal se_
{h
tenpl at e<typenane T, typenane A>
struct |sM xed<std::list<T, A> >
©onpl::true_
{h

tenpl at e<typenane T, typenane A>
struct |sM xed<std::vector<T, A> >
©onpl::true_

{}

namespace M xedOps

{
/1 This defines all the overloads to nake expressions involving
/1 std::vector to build expression tenplates.
BOOST_PROTO_DEFI NE_OPERATORS( | sM xed, M xedDonsi n)

struct assign_op

{ tenpl at e<typenane T, typenane U>
void operator ()(T &, U const &u) const
{
t = u;
}
s
struct plus_assign_op
{ tenpl at e<typenane T, typenane U>
void operator ()(T &, U const &u) const
{
t += u;
}
s
struct mnus_assign_op
{ tenpl at e<typenane T, typenanme U>
void operator ()(T &, U const &u) const
{
t -= u;
}
s

struct sin_

{
t enpl at e<t ypenane Si g>
struct result;

tenpl at e<typenane This, typenane Arg>
struct result<This(Arg)>
boost: : renmove_const <t ypenane boost::renove_reference<Arg>::type>

0

t enpl at e<t ypenane Arg>
Arg operator ()(Arg const &a) const
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return std::sin(a);
}s
t enpl at e<t ypenane A>

typenane proto::result_of:: mke_expr<
proto::tag::function

., M xedDomai n
, sin_ const
, A const &
>::type sin(A const &a)
{
return proto::nake_expr<proto::tag::function, M xedDonain>(sin_(), boost::ref(a));
}

tenpl at e<typenane Fwdlter, typenane Expr, typenanme Op>
voi d eval uate(Fwdl ter begin, Fwdlter end, Expr const &expr, Op op)

{
Increment Ctx const inc = {};
DereferenceCt x const deref = {};
t ypenane boost::result_of <Begi n(Expr const &) >::type expr2 = Begin()(expr);
for(; begin != end; ++begin)
{
op(*begin, proto::eval (expr2, deref));
proto::eval (expr2, inc);
}
}

/1 Add-assign to a vector from sone expression.

tenpl at e<typenane T, typenane A typenanme Expr>

std::vector<T, A> &assign(std::vector<T, A> &arr, Expr const &expr)

{
eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDonmai n>(expr), assign_op());
return arr;

}

/1 Add-assign to a list from sone expression.

tenpl at e<typenane T, typenane A typenanme Expr>

std::list<T, A> &assign(std::list<T, A> &arr, Expr const &expr)

{
eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDonmai n>(expr), assign_op());
return arr;

}

/1 Add-assign to a vector from sone expression.

tenpl at e<typenane T, typenane A typenanme Expr>

std::vector<T, A> &operator +=(std::vector<T, A> &arr, Expr const &expr)

{
eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDonai n>(expr), plus_assign_op());
return arr;

}

/1 Add-assign to a list from sone expression.

tenpl at e<typenane T, typenane A typenanme Expr>

std::list<T, A> &operator +=(std::list<T, A> &arr, Expr const &expr)

{
eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDonai n>(expr), plus_assign_op());
return arr;

}

/1 Mnus-assign to a vector from sone expression.
tenpl at e<typenane T, typenane A typenanme Expr>
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std::vector<T, A> &operator -=(std::vector<T, A> &arr, Expr const &expr)

{

eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDomai n>(expr), mnus_assign_op());

return arr;

}

/1 Mnus-assign to a list fromsone expression.
tenpl at e<typenane T, typenane A typenanme Expr>
std::list<T, A> &operator -=(std::list<T, A> &arr,

Expr const &expr)

eval uate(arr.begin(), arr.end(), proto::as_expr<M xedDomai n>(expr), mnus_assign_op());

{
return arr;
}
}
int main()
{
usi ng nanmespace M xedQps;
int n = 10;
std::vector<int> a, b, c, d;
std::list<double> ¢g;
std::list<std::conpl ex<double> > f;
int i;
for(i = 0;i < n; ++i)
{
a. push_back(i);
b. push_back(2*i);
c. push_back(3*i);
d. push_back(i);
e. push_back(0.0);
f. push_back(std:: conpl ex<doubl e>(1.0, 1.0));
}
M xedQps: : assign(b, 2);
M xedQps: :assign(d, a + b * c¢);
a += if_else(d < 30, b, c);
M xedQps: : assign(e, ¢);
e +t=e - 4/ (c + 1);
f -=sin(0.1 * e * std::conpl ex<doubl e>(0.2, 1.2));
std::list<double>: :const_iterator ei = e.begin();
std::list<std::conpl ex<doubl e> >::const_iterator fi
for (i =0; i <n; ++i)
{
std:: cout
<< "a(" << i << ") =" << ali]
<< " b(" << << ") =" << b[i]
<< " oc(" << << ") =" << ¢c[i]
<< " od(" << << ") =" << d[i]
<< " oe(" << << M) =" << *ei ++
<< " (" << << M) =" o< i+t
<< std::endl;
}
}

= f.begin();
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Map Assign: An Intermediate Transform

A demonstration of how to implement map_| i st _of () from the Boost.Assign library using Proto. map_| i st _assi gn() isused
to conveniently initialize a st d: : map<>. By using Proto, we can avoid any dynamic alocation while building the intermediate
representation.

/1 Copyright 2008 Eric N ebler. Distributed under the Boost

/'l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_1_0.txt or copy at http://ww. boost.org/LICENSE 1 O.txt)
I

/1 This is a port of map_list_of() fromthe Boost.Assign library.

/1 It has the advantage of being nore efficient at runtinme by not

/1 building any tenporary container that requires dynam c allocation

#i ncl ude <map>

#i nclude <string>

#i ncl ude <i ostreanr

#i ncl ude <boost/ proto/ core. hpp>

#i ncl ude <boost/ proto/transform hpp>

#i ncl ude <boost/type_traits/add_reference. hpp>
nanespace proto = boost::proto

using proto::_;

struct map_list_of _tag

i

/1 A sinple callable function object that inserts a
/'l (key,value) pair into a mp
struct insert

: proto::callable

{
t enpl at e<t ypenane Si g>
struct result;
tenpl at e<typenane This, typenane Map, typenane Key, typenane Val ue>
struct result<This(Mp, Key, Value)>
: boost: : add_reference<Map>
{h
t enpl at e<t ypenane Map, typenane Key, typenane Val ue>
Map &operator () (Map &map, Key const &key, Value const &val ue) const
{
map. i nsert(typenane Map::val ue_type(key, value))
return nmap
}
b
/'l Work-arounds for Mcrosoft Visual C++ 7.1
#i f BOOST_WORKAROUND( BOOST_MSVC, == 1310)

#define MapListOf (x) proto::call <MapLi st O (x) >
#define _value(x) call<proto::_val ue(x)>
#endi f

/1 The grammar for valid map-list expressions, and a
/'l transform that popul ates the nap.
struct MapListOf
proto::or_<
proto: : when<
/1 map_list_of(a,b)
proto::function<
proto::term nal <map_list_of _tag>
proto::term nal <_>
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{1

#i f

proto::termnal < >

>
i nsert(
proto:: _data
proto:: _value(proto::_childl)
proto:: _value(proto:: _child2)
)

>
pr ot o: : when<
/1 map_list_of(a,b)(c,d)...
proto::function<
MapLi st O
proto::termnal < >
proto::termnal < >

>
i nsert(
MapLi st OF (proto: : _chil dO)
proto:: _value(proto:: _childl)
proto:: _value(proto:: _child2)
)
>
>
BOOST_WORKAROUND( BOOST_MSVC, == 1310)

#undef MapLi st OF
#undef _val ue
#endi f

t enpl at e<t ypenane Expr>
struct map_list_of _expr;

struct map_list_of _dom

0

pr ot o: : domai n<pr ot o: : pod_gener at or <map_l i st _of _expr>, MapListO >

/1 An expression wapper that provides a conversion to a
/1 map that uses the MapListOf

t enpl at e<t ypenane Expr>

struct map_list_of _expr

{

BOOST_PROTO _BASI C_EXTENDS( Expr, map_list_of _expr, map_list_of _dom
BOOST_PROTO_EXTENDS_FUNCTI ON( )

tenpl at e<t ypenane Key, typenane Val ue, typenane Cnp, typenane Al >
operator std::map<Key, Value, Cnp, Al > () const

{
BOOST_MPL_ASSERT( ( pr ot o: : mat ches<Expr, MapListOf>));
std: : nap<Key, Value, Cnp, A > nap;
return MapListOf()(*this, 0, map);
}
_list_of _expr<proto::termnal <map_list_of_tag>: :type> const nmap_Ilist_of
mai n()

/1 Initialize a map:
std:: map<std::string, int> op =
map_| i st_of

("<", 1)
("<=",2)
(">", 3)

= {{{}}}
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(">=", 4)

("=", 5)

("<>",6)
std::cout << "\"<\" -->" << op["<"] << std::endl
std::cout << "\"<=\" -->" << op["<="] << std::endl
std::cout << "\">\" -->" << op[">"] << std::endl
std::cout << "\">=\" -->" << op[">="] << std::endl
std::cout << "\"=\" -->" << op["="] << std::endl
std::cout << "\"<>\" -->" << op["<>"] << std::endl

return O

Future Group: A More Advanced Transform

An advanced example of a Proto transform that implements Howard Hinnant's design for future groups that block for all or some
asynchronous operations to complete and returns their results in atuple of the appropriate type.

/'l Copyright 2008 Eric Niebler. Distributed under the Boost

/'l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_ 1_0.txt or copy at http://ww.boost.org/LI CENSE 1 0.txt)
/1

/1 This is an exanple of using Proto transforns to inplenment

/1 Howard Hinnant's future group proposal

#i ncl ude <boost/fusion/include/vector. hpp>

#i ncl ude <boost/fusion/include/as_vector. hpp>
#i ncl ude <boost/fusion/include/joint_view hpp>
#i ncl ude <boost/fusion/include/single_view hpp>
#i ncl ude <boost/ proto/core. hpp>

#i ncl ude <boost/proto/transform hpp>

namespace npl = boost:: npl;

namespace proto = boost: : proto;

namespace fusion = boost::fusion

using proto::_;

tenpl ate<cl ass L, class R>
struct pick_left

{
BOOST_MPL_ASSERT( (boost::is_sanme<L, R>))
typedef L type

};

/'l Work-arounds for Mcrosoft Visual C++ 7.1

#i f BOOST WORKAROUND( BOOST _MBVC, == 1310)

#define FutureG oup(x) proto::call <FutureG oup(x)>

#endi f

/'l Define the granmar of future group expression, as well as a
/1 transformto turn theminto a Fusion sequence of the correct
/'l type.
struct FutureG oup
proto::or_<
/'l term nals becone a single-elenent Fusion sequence
prot o: : when<
proto::termnal < >
fusion::single_viewproto::_value>(proto::_val ue)
>
/'l (a & b) becones a concatenation of the sequence
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/1l from"'a'" and the one from'b'
, proto::when<
proto::logical _and<FutureG oup, FutureG oup>
, fusion::joint_view
boost: : add_const <FutureGroup(proto:: _left)

>

, boost::add_const <FutureG oup(proto::_right) >
>(FutureGoup(proto:: _left), FutureGoup(proto::_right))

>
/'l (a || b) becones the sequence for '"a', so |long
/1l as it is the sane as the sequence for 'b'.
, proto::when<
proto:: | ogical _or<FutureGoup, FutureG oup>
, pick_left<
Fut ureG oup(proto:: _left)
, FutureG oup(proto::_right)
>(FutureGoup(proto:: _left))

{h

#i f BOOST_WORKAROUND( BOOST_MBVC, == 1310)
#undef FutureG oup

#endi f

t enpl at e<cl ass E>
struct future_expr;

struct future_dom

pr ot o: : domai n<pr ot o: : gener at or <f ut ur e_expr>, FutureG oup>

{1

/1l Expressions in the future group domai n have a .get()

/1 menber function that (ostensibly) blocks for the futures

/1l to conplete and returns the results in an appropriate
/'l tuple
t enpl at e<cl ass E>
struct future_expr
proto::extends<E, future_expr<E> future_dom

{
explicit future_expr(E const &e)
. future_expr::proto_extends(e)
{}
typenane fusion::result_of::as_vector<
typenane boost::result_of <FutureG oup(E)>::type
> type
get () const
{
return fusion::as_vector(FutureGoup()(*this));
}
s

/1 The future<> type has an even sinpler .get()
/'l menber function
tenpl at e<cl ass T>
struct future
future_expr<typenane proto::termnal <T>::type>
{
future(T const & = T())

0

T get() const

future::proto_derived_expr(future::proto_base_expr:

cmake(t))
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return proto::value(*this);
s

/| TEST CASES
struct A {};
struct B {};
struct C {};

int main()

{
using fusion::vector;
future<A> a;
future<B> b;
future<C c;
future<vector<A B> > ab;

/1 Verify that various future groups have the
/'l correct return types.

A to
vector<A, B, C tl
vector<A C t2
vector<A, B, C t3
vector<vector<A B> C> t4

a.get();

(a & b && c).get();

((a |l a) && c).get();

((a & b || a & b) && c).get();
((ab || ab) && c).get():

return O;

Lambda: A Simple Lambda Library with Proto

This is an advanced example that shows how to implement a simple lambda EDSL with Proto, like the Boost.Lambda library. It
uses contexts, transforms and expression extension.
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TEELEEEEEE i rrrrrrrrrrrrr
Copyright 2008 Eric N ebler. Distributed under the Boost

Sof tware License, Version 1.0. (See acconpanying file

LICENSE 1 _0.txt or copy at http://ww. boost.org/LI CENSE 1 0. txt)

/1
/1
/1
/1
/1

#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i

This exanple builds a sinple but functional |anbda |ibrary using Proto.

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<i ostreanr

<al gorit hm
<boost/ npl /i nt. hpp>
<boost/ npl / m n_nmax. hpp>
<boost/ npl / eval _i f. hpp>
<boost/npl /i dentity. hpp>
<boost/ npl / next _pri or. hpp>
<boost /fusi on/tupl e. hpp>
<boost /typeof /typeof . hpp>
<boost /typeof/std/ ostream hpp>
<boost/typeof/std/i ostream hpp>
<boost/ prot o/ core. hpp>

<boost / prot o/ cont ext . hpp>
<boost/ prot o/ transform hpp>

nanmespace npl = boost:: npl;
namespace proto = boost::proto
nanespace fusion = boost::fusion
using proto:: _;

/'l Forward decl aration of the |anbda expressi on w apper
t enpl at e<t ypenane T>
ruct | anbda

st

st

0

ruct | anbda_donain

pr ot o: : dommai n<pr ot o: : pod_gener at or <| anbda> >

t enpl at e<typenane | >
struct pl acehol der

{
};

type

def | arity;

t enpl at e<t ypenane T>
struct placehol der_arity

{
};

type

def typenane T::arity type

/1 The | anbda gramar, with the transforns for calculating the max arity

st

ruct |
pr ot

{1

anbda_arity
0::0r_<
pr ot o: : when<
proto::termnal < placehol der<_> >
npl : : next <pl acehol der _arity<proto:: _val ue> >()
>
proto::when< proto::termnal <_>
mpl @ int_<0>()
>
pr ot o: : when<
proto::nary_expr<_, proto::vararg<_> >
proto::fold<_, npl::int_<0>(), npl::max<lanbda_arity, proto::_state>()>

render

124

httpo://www.renderx.com/


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

Boost.Proto

/'l The | anbda context is the sane as the default context
/1 with the addition of special handling for |anbda pl acehol ders
t enpl at e<t ypenane Tupl e>
struct | anbda_cont ext
proto::call abl e_cont ext <l anbda_cont ext <Tupl e> const >

{
| ambda_cont ext (Tupl e const &args)
args_(args)
{}
t enpl at e<t ypenane Si g>
struct result;
tenpl at e<typenane This, typenane |>
struct result<This(proto::tag::terninal, placeholder<l> const &) >
. fusion::result_of::at<Tuple, |>
{h
t enpl at e<typenane | >
typenane fusion::result_of::at<Tuple, |> :type
operator ()(proto::tag::termnal, placeholder<l> const & const
{
return fusion::at<l>(this->args_)
}
Tupl e args_;
s

/1 The | anbda<> expressi on wapper nakes expressi ons pol ynor phic
/1 function objects
t enpl at e<t ypenane T>
struct | anbda
{
BOOST_PROTO _BASI C_EXTENDS( T, | anbda<T>, | anbda_donai n)
BOOST_PROTO_EXTENDS_ASSI GN()
BOOST_PROTO_EXTENDS_SUBSCRI PT()

/1 Calculate the arity of this |anbda expression
static int const arity = boost::result_of<lanbda_arity(T)>::type::value

t enpl at e<t ypenane Si g>
struct result;

/1 Define nested result<> specializations to calculate the return
/1l type of this |anbda expression. But be careful not to evaluate
/1 the return type of the nullary function unless we have a nullary
/1 1 anmbda!
t enpl at e<t ypenane Thi s>
struct result<This()>
npl : :eval _if_c<
0 == arity
, proto::result_of::eval <T const, |anbda_context<fusion::tuple<> > >
, mpl::identity<void>
>

{1

tenpl at e<typenane This, typenane A0>
struct result<This(A0)>
proto::result_of::eval <T const, |anbda_context<fusion::tuple<Ad> > >

{1

tenpl at e<typenane This, typenane A0, typenane Al>
struct result<This(A0, Al)>
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proto::result_of::eval <T const, |anbda_context<fusion::tuple<A0d, Al> > >

{1

/1 Define our operator () that evaluates the | anbda expression.
typenane result<lanbda()>::type
operator ()() const

{
fusion::tuple<> args;
| ambda_cont ext <f usi on: : tupl e<> > ctx(args);
return proto::eval (*this, ctx);

}

t enpl at e<t ypenane A0>
typenane result<l anbda( A0 const &)>::type
operator ()(AO const &a0) const

{
fusion::tupl e<A0 const &> args(a0);
| ambda_cont ext <f usi on: : t upl e<A0 const &> > ctx(args);
return proto::eval (*this, ctx);

}

t enpl at e<t ypenane A0, typenane Al>
typenane result<lanbda( A0 const & Al const &) >::type
operator ()(AO const &0, Al const &al) const

{
fusion::tupl e<A0 const & Al const & args(a0, al);
| ambda_cont ext <f usi on: : t upl e<A0 const & Al const & > ctx(args);
return proto::eval (*this, ctx);
}
s
/1 Define sonme | anbda pl acehol ders
| ambda<prot o: : term nal <pl acehol der<npl ::int_<0> > >::type> const _1 = {{}};
| anbda<proto: :term nal <pl acehol der<npl ::int_<1> > > :type> const _2 = {{}};

t enpl at e<t ypenane T>
| ambda<t ypenane proto::term nal <T>::type> const val (T const &t)
{
| ambda<t ypenane proto::termnal <T>::type> that = {{t}};
return that;

}

t enpl at e<t ypenane T>

| ambda<t ypenane proto::termnal <T &::type> const var(T &)

{
| anbda<t ypenane proto::termnal <T &::type> that = {{t}};
return that;

}

t enpl at e<t ypenane T>
struct construct_hel per

{
typedef T result_type; // for TRl result_of

T operator()() const
{ return T(); }

/1 Generate BOOST_PROTO MAX ARI TY overl oads of the
/1 follow ng function call operator.
#def i ne BOOST_PROTO LOCAL_MACRO(N, typenane_A, A const_ref, A const_ref_a, a)\
t enpl at e<t ypenane_A(N) > \
T operator () (A _const_ref_a(N)) const \

{ return T(a(N)); }
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#def i ne BOOST_PROTO LOCAL_a BOOCST_PROTO a
#i ncl ude BOOST_PROTO LOCAL_| TERATE()

};

/'l Generate BOOST_PROTO MAX ARI TY-1 overl oads of the
/1 follow ng construct() function tenplate

#define MO(N, typenane_A, A const_ref, A const_ref_a, ref_a) \
tenpl ate<typenane T, typename_A(N)> \
typenane proto::result_of:: mke_expr< \
proto::tag::function \
| ambda_donmi n \
construct _hel per<T> \
A const _ref(N) \
>::type const \
construct (A const _ref _a(N)) \
{ \
return proto::nake_expr< \
proto::tag::function \
| ambda_donmmi n \
>( \
construct _hel per<T>() \
ref _a(N) \
) \
}
BOOST_PROTO_REPEAT_FROM TQ(1, BOOST_PROTO MAX ARITY, M)
#undef M
struct S
{
S() {}
S(int i, char c)
{
std::cout << "S(" << i << """ << ¢ << ")\n"
}
s
int main()
{

/1l Create sonme | anbda objects and i medi ately
/'l invoke them by applying their operator():
int i =( (1 +2)/ 4)(42)

std::cout << i << std::endl; // prints 11

int j = ((-(_1+2)/ 4)(42);
std::cout << j << std::endl; // prints -11

double d = ( (4 - _2) * 3 )(42, 3.14)
std::cout << d << std::endl; // prints 2.58

/'l check non-const ref terminals
(std::cout << _1 << " -- " << 2 << '\n'")(42, "Life, the Universe and Everything!'")
/'l prints "42 -- Life, the Universe and Everything!"

/1 "Nullary" |anbdas work too
int k = (val (1) + val(2))()
std::cout << k << std::endl; // prints 3

/'l check array indexing for Kkicks

int integers[5] = {0};

(var(integers)[2] = 2)();

(var(integers)[_1] = _1)(3)

std::cout << integers[2] << std::endl; // prints 2
std::cout << integers[3] << std::endl; // prints 3
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/1 Now use a |lanbda with an STL al gorithmni
int rgi[4] = {1 2,3, 4}

char rgc[4] ={'a,'b",'c',"'d}

S rgs|[4];

std::transformirgi, rgi+4, rgc, rgs, construct<S>(_1, _2))
return O

Checked Calculator: A Simple Example of External Transforms

Thisis an advanced example that shows how to externally parameterize a grammar's transforms. It defines a calculator EDSL with
agrammar that can perform either checked or unchecked arithmetic.

/'l Copyright 2011 Eric Niebler. Distributed under the Boost

/'l Software License, Version 1.0. (See acconpanying file

/1 LICENSE_ 1_0.txt or copy at http://ww.boost.org/LI CENSE 1 0. txt)
/1

/1 This is an exanple of how to specify a transformexternally so

/'l that a single grammar can be used to drive nultiple differnt

/'l calculations. In particular, it defines a cal cul ator grammar

/'l that conputes the result of an expression with either checked

/'l or non-checked division

#i ncl ude <i ostreanm>

#i ncl ude <boost/assert. hpp>

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

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

#i ncl ude <boost/ npl/ m n_max. hpp>

#i ncl ude <boost/fusion/contai ner/vector. hpp>
#i ncl ude <boost/fusion/contai ner/ generation/ make_vect or. hpp>
#i ncl ude <boost/ proto/ proto. hpp>

namespace npl = boost:: npl;

namespace proto = boost::proto

namespace fusion = boost::fusion

/'l The argunent pl acehol der type
t enpl at e<typenane 1> struct placeholder : | {};

/!l Gve each rule in the grammar a "nane". This is so that we

/'l can easily dispatch on it later

struct cal c_gramar;

struct divides_rule : proto::divides<cal c_grammar, calc_granmmar> {};

/'l Use external transforns in cal c_gramar
struct cal c_gramar
proto::or_<
prot o: : when<
proto: :term nal <pl acehol der<proto::_> >
proto::functional::at(proto::_state, proto::_val ue)
>
prot o: : when<
proto::term nal <proto::convertibl e_to<doubl e> >
proto:: _val ue
>
prot o: : when<
proto: : plus<cal c_granmar, cal c_granmar >
proto:: _defaul t <cal c_gramar >
>
prot o: : when<
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proto:: mnus<cal c_grammar, cal c_gramar>
, proto:: _defaul t<cal c_granmar>
>
, proto::when<
proto::nultiplies<cal c_granmar, cal c_granmar>
, proto:: _defaul t<cal c_granmar>
>
/1 Note that we don't specify how division nodes are
/1 handl ed here. Proto::external _transformis a placehol der
/1 for an actual transform
, proto::when<
di vides_rule
, proto::external _transform
>

{1

tenpl at e<typenane E> struct cal c_expr
struct cal c_domain : proto::domai n<proto::generator<cal c_expr> > {}

t enpl at e<t ypenane E>
struct cal c_expr
proto:: extends<E, cal c_expr<E> cal c_domai n>

{

cal c_expr(E const & = E()) : calc_expr::proto_extends(e) {}
s
cal c_expr<proto::term nal <pl acehol der<npl::int_<0> > >::type> _1,
cal c_expr<proto::term nal <pl acehol der<npl::int_<1> > >::type> _2;

/1l Use proto::external transfornms to map from named grammar rules to
/'l transformns.
struct non_checked_di vi si on
proto::external _transforns<
proto::when< divides_rule, proto::_default<cal c_grammr> >
>

{h
struct division_by zero : std::exception {}

struct do_checked_divi de
. proto::callable

{
typedef int result_type
int operator()(int left, int right) const
{
if (right == 0) throw division_by_zero();
return left / right
}
}s

/1l Use proto::external transforns again, this tinme to nap the divides_rule
/1 to a transforns that perforns checked division.
struct checked_di vi sion
proto::external _transforns<
pr ot o: : when<
divides_rule

, do_checked_divide(cal c_grammar (proto:: _left), calc_granmar(proto

>

{1

int main()

c_right))
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non_checked_di vi si on non_checked,;
int result2 = calc_grammar()(_1 / _2, fusion::nmake_vector(6, 2), non_checked);
BOOST_ASSERT(result2 == 3);

try
{
checked_di vi si on checked,;
/1 This should throw
int result3 = calc_grammar()(_1 / _2, fusion::nake_vector(6, 0), checked);
BOOST_ASSERT(fal se); // shouldn't get here!
}
cat ch(di vi sion_by_zero)

{
}

std::cout << "caught division by zero!\n";

Background and Resources

Proto wasinitially devel oped as part of Boost. X pressive to simplify the job of transforming an expression template into an executable
finite state machine capabl e of matching aregular expression. Sincethen, Proto hasfound application in the redesigned and improved
Spirit-2 and the related Karma library. As a result of these efforts, Proto evolved into a generic and abstract grammar and tree
transformation framework applicable in awide variety of EDSL scenarios.

The grammar and tree transformation framework is modeled on Spirit's grammar and semantic action framework. The expression
tree data structure is similar to Fusion data structures in many respects, and isinteroperable with Fusion'siterators and algorithms.

The syntax for the grammar-matching features of pr ot o: : mat ches<> isinspired by MPL's lambda expressions.

Theideafor using function types for Proto's composite transforms is inspired by Aleksey Gurtovoy's "round" lambda notation.

References

Ren, D. and Erwig, M. 2006. A generic recursion toolbox for Haskell or: scrap your boilerplate systematically. In
Proceedings of the 2006 ACM S GPLAN Workshop on Haskell (Portland, Oregon, USA, September 17 - 17, 2006).
Haskell '06. ACM, New York, NY, 13-24. DOI=http://doi.acm.org/10.1145/1159842.1159845

Further Reading

A technical paper about an earlier version of Proto was accepted into the ACM SIGPLAN Symposium on Library-Centric Software
Design LCSD'07, and can be found at http://lcsd.cs.tamu.edu/2007/final/1/1_Paper.pdf. The tree transforms described in that paper
differ from what exists today.

Glossary

callable transform A transform of the form R(A0,AL,...) (i.e, a function type) where
proto::is_callabl e<R>::val ueistrue. Ristreated as a polymorphic function object
and the arguments are treated as transforms that yield the arguments to the function object.

context In Proto, the term context refers to an object that can be passed, along with an expression to

evaluate, to the prot o: : eval () function. The context determines how the expression is
evaluated. All context structs define a nested eval <> template that, when instantiated with a
nodetagtype(e.g., prot o: : t ag: : pl us), isabinary polymorphic function object that accepts
an expression of that type and the context object. In this way, contexts associate behaviors
with expression nodes.
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domain

domain-specific language

embedded domain-specific language

expression

expression template

generator

grammar

object transform

polymorphic function object

primitive transform

sub-domain

transform

In Proto, the term domain refersto atype that associates expressions within that domain with
a generator for that domain and optionally a grammar for the domain. Domains are used
primarily to imbue expressions within that domain with additional members and to restrict
Proto's operator overloads such that expressions not conforming to the domain's grammar are
never created. Domains are empty structs that inherit from pr ot o: : domai n<>.

A programming language that targets a particular problem space by providing programming
idioms, abstractions and constructs that match the constructs within that problem space.

A domain-specific language implemented as a library. The language in which the library is
written is called the "host" language, and the language implemented by the library is called
the "embedded" language.

In Proto, an expression is a heterogeneous tree where each node is either an instantiation of
boost : : proto: : expr <>,boost : : proto: : basi c_expr <> or sometypethatisanextension
(viaboost : : prot o: : ext ends<> or BOOST_PROTO EXTENDS( ) ) of such an instantiation.

A C++ technique using templates and operator overloading to cause expressionsto build trees
that represent the expression for lazy evaluation later, rather than evaluating the expression
eagerly. Some C++ libraries use expression templates to build embedded domain-specific
languages.

In Proto, a generator is aunary polymorphic function object that you specify when defining
adomain. After constructing a new expression, Proto passes the expression to your domain's
generator for further processing. Often, the generator wraps the expression in an extension
wrapper that adds additional membersto it.

In Proto, agrammar is a type that describes a subset of Proto expression types. Expressions
in adomain must conform to that domain'sgrammar. The pr ot o: : mat ches<> metafunction
evaluates whether an expression type matches a grammar. Grammars are either primitives
such as proto::_, composites such as proto:: plus<>, control structures such as
proto:: or_<>, or some type derived from agrammar.

A transform of the form R(A0,A1,...) (i.e, a function type) where
proto::is_callabl e<R>::val ueisf al se. Ristreated asthetype of an object to construct
and the arguments are treated as transforms that yield the parameters to the constructor.

An instance of a class type with an overloaded function call operator and a nested r es-
ul t _t ype typedef or r esul t <> template for calculating the return type of the function call
operator.

A typethat defines akind of polymorphic function object that takes three arguments: expres-
sion, state, and data. Primitive transforms can be used to compose callable transforms and
object transforms.

A sub-domain is adomain that declares another domain as its super-domain. Expressionsin
sub-domains can be combined with expressionsin the super-domain, and the resulting expres-
sion isin the super-domain.

Transforms are used to manipulate expression trees. They come in three flavors: primitive
transforms, callabletransforms, or object transforms. A transform T can be made into aternary
polymorphic function object with pr ot o: : when<>, asin prot o: : when<proto::_, T>.
Such afunction object accepts expression, state, and data parameters, and computes a result
from them.

render

131

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.Proto

Reference

Concepts

o CadlableTransform

 Doman

* Expr

» ObjectTransform

* PolymorphicFunctionObject

e PrimitiveTransform

» Transform
Classes

* proto::_

e proto:: _byref

e proto::_byva

e proto::_child_c

e proto:: _data

e proto::_default

* proto::_env

* proto::_env_var

e proto::_expr

* proto::_state

e proto::_val ue

* proto::_void

e proto::address_of
e proto::and_

e proto::arity_of

* proto::assign

e proto::basic_default_donain
e proto::basic_default_generator
* proto::basic_expr
e proto::binary_expr
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proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
pr ot o:
pr ot o:
pr ot o:
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::

proto::

bi twi se_and

bi twi se_and_assi gn

bi twi se_or

bi tw se_or_assign

bi tw se_xor

bi twi se_xor _assi gn
by_val ue_gener at or

cal |

call abl e

char _

conmma

conpl enent
conpose_generators
context::call abl e_cont ext
context::call abl e_eval
cont ext : : def aul t _cont ext
context::default_eva

cont ext:: null _context

:context::null_eval
:convertible_to

:data_type

deduce_donmai n
defaul t _donai n
def aul t _gener at or
deref erence

di vi des

di vi des_assi gn
domai n
dormein::as_child
donmmi n: : as_expr
domai n_of

enpty_env

133

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.Proto

proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
pr ot o:
pr ot o:
pr ot o:
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::

proto::

env
equal _to
exact
expr

ext ends

ext ernal _transform

external _transforns

fold
fold_tree

function

functional::

functional::

functional ::

functional::

functional::

functional

functional::

functional

:functional::

:functional::

:functional::

functional ::

functional::

functional::

functional ::

functional::

functional::

functional ::

functional::

functional::

functional ::

functional::

advance
as_child
as_env
as_expr

at

- begin

child

:child_c

deep_copy
di spl ay_expr
di stance
enpty

end

env_var
eval

first
flatten
has_env_var
| eft
make_expr
make_pair

next
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proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::
proto::

proto::

proto
proto

proto

functional ::
functional ::
functional ::
functional ::
functional ::
functional ::
functional ::
functional ::
functi onal
functional ::
functional ::
functional ::
functional
gener at or

greater

if

f_else_
nt_

ntegral _c

s_aggregate

s_cal l abl e
s_domai n
s_env

s_expr

s_extension
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* proto::tag::shift_left_assign
e proto::tag::shift_right

e proto::tag::shift_right_assign
e proto::tag::subscript

* proto::tag::termnal

e proto::tag::unary_plus

* proto::tag_of

* proto::term

* proto::ternmina

* proto::transform

e proto::transforns_type

* proto::transform.inpl

* proto::unary_expr

e proto::unary_plus

e proto::use_basic_expr

* proto::unexpr

* proto::vararg

e proto::wants_basic_expr

* proto::when

Functions

e proto::as_child()

* proto::as_env()

* proto::as_expr()

* proto::assert_matches()
e proto::assert_natches_not ()
e proto::child()

e proto::child_c()

e proto::deep_copy()

e proto::display_expr()

* proto::env_var()

* proto::eval ()
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e proto::flatten()

e proto::has_env_var()
e proto::if_else()

e proto::left()

e proto::lit()

e proto::nmake_expr ()
e proto::right()

e proto::unpack_expr()

e proto::value()

Header <boost/proto/args.hpp>

Contains definitions of the proto::ternm<>,proto::listl<> proto::list2<>,etc. classtemplates.

namespace boost {
namespace proto {
tenpl at e<t ypenanme T> struct term
tenpl at e<typenane... Arg> struct listN

}
}

Struct template term

boost::proto::term — A type sequence, for use as the 2nd parameter to the pr ot o: : expr <> and pr ot o: : basi c_expr <> class
templates.

Synopsis

/'l I'n header: <boost/proto/args. hpp>

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

/'l types

typedef T chil doO;

/1 public data nenbers
static const long arity; [// = 0;
b
Description
A type sequence with one element, for useasthe 2™ parameter tothepr ot o: : expr <>andpr ot o: : basi ¢c_expr <> classtemplates.
The sequence element represents the value of aterminal.

Struct template listN

boost::proto::lisstN — proto: :list1l<>, proto::|list2<>, etc., are type sequences for use as the 2 parameter to the
proto::expr<>o0rproto::basic_expr<> classtemplates.

140

render

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/doc/html/../../../../boost/proto/args.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Proto

Synopsis

/'l I'n header: <boost/proto/args. hpp>

t enpl at e<typenane. .. Arg>
struct listN {
/'l types
typedef ArgMchildM // For each Min [0, N)

/1 public data nenbers
static const long arity; // =N,

Description

Type sequences, for use as the 2nd parameter to the pr ot o: : expr <> or pr ot o: : basi c_expr <> class template. The typesin the
seguence correspond to the children of anode in an expression tree. Thereis no type literally named "I i st N'; rather, there is a set
of typesnamed prot o: : | i st 1<>, proto: : | i st 2<>, etc.

Header <boost/proto/core.hpp>

Includes al of Proto, except the contexts, transforms, debug utilities and Boost. Typeof registrations.

Header <boost/proto/debug.hpp>

Utilities for debugging Proto expression trees

BOOST_PROTO_ASSERT_NMATCHES( expr, G anmar)
BOOST_PROTO_ASSERT_MATCHES_NOT( expr, G anmar)

nanespace boost {
nanespace proto {
tenpl at e<t ypenane Expr> void display_expr(Expr const & std::ostream &);
t enpl at e<t ypenane Expr> void display_expr(Expr const &);
t enpl at e<t ypenanme G anmmar, typenane Expr>
voi d assert_matches(Expr const &);
t enpl at e<t ypenanme G anmmar, typenane Expr>
voi d assert_matches_not (Expr const &);
nanespace functional {
struct display_expr;
}
}
}

Struct display_expr

boost::proto::functional::display_expr — Pretty-print a Proto expression tree.
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Synopsis
/1 I'n header: <boost/proto/debug. hpp>

struct display_expr {
/'l types
typedef void result_type;

/'l construct/copy/ destruct
di spl ay_expr(std::ostream & = std::cout, int = 0);

/1 public nmenber functions
t enpl at e<t ypenane Expr> void operator()(Expr const & const;

Description
A PolymorphicFunctionObject which accepts a Proto expression tree and pretty-printsit to an ost r eamfor debugging purposes.
di spl ay_expr public construct/copy/destruct
di spl ay_expr(std::ostream & sout = std::cout, int depth = 0);
Parameters: dept h  The starting indentation depth for this node. Children nodes will be displayed at a starting depth of

dept h+4.
sout The ost r eamto which the expression tree will be written.

di spl ay_expr public member functions

t enpl at e<t ypenane Expr> void operator()(Expr const & expr) const;

Function display_expr
boost::proto::display_expr — Pretty-print a Proto expression tree.
Synopsis

/'l In header: <boost/proto/debug. hpp>

t enpl at e<t ypenanme Expr>
voi d di spl ay_expr (Expr const & expr, std::ostream & sout);
t enpl at e<t ypename Expr> voi d display_expr (Expr const & expr);

Description
Parameters: expr  The Proto expression tree to pretty-print

sout  Theost r eamto which the output should be written. If not specified, defaultsto st d: : cout .
Notes: Equivalent topr ot o: : functi onal : : di spl ay_expr (0, sout) (expr).

Function template assert_matches

boost::proto::assert_ matches — Assert at compile time that a particular expression matches the specified grammar.
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Synopsis
/1 I'n header: <boost/proto/debug. hpp>

t enpl at e<t ypenane Granmmar, typenanme Expr>
voi d assert_natches(Expr const & expr);

Description
Useproto: :assert _mat ches() to assert at compile-time that an expression matches a grammar.

Example:

typedef proto::plus< proto::termnal<int > proto::termnal<int > > Pluslnts;

proto::assert_matches<Pluslints>( proto::lit(1l) + 42 );

See also:

* proto::assert_matches_not ()

e BOOST_PROTO_ASSERT MATCHES()

» BOOST_PROTO_ASSERT MATCHES NOT()

Notes: Equivalent to BOOST_MPL_ASSERT( ( pr ot o: : mat ches<Expr, G anmar>)).

Function template assert_matches_not

boost::proto::assert_matches not — Assert at compile time that a particular expression does not match the specified grammar.
Synopsis
/1 I'n header: <boost/proto/debug. hpp>

tenpl at e<t ypenane G ammar, typenane Expr>
voi d assert_matches_not (Expr const & expr);

Description
Useproto::assert _mat ches_not () to assert at compile-time that an expression does not match a grammar.

Example:

typedef proto::plus< proto::termnal< int > proto::termnal<int > > Pluslnts;

proto::assert_nmatches_not<Pluslnts>( proto::lit("a string") + 42 );

See also:
e proto::assert_nmatches()

« BOOST_PROTO ASSERT MATCHES()
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+ BOOST_PROTO ASSERT MATCHES_NOT()

Notes: Equivalent to BOOST_MPL_ASSERT_NOT( ( pr ot o: : mat ches<Expr, G anmar>)).

Macro BOOST_PROTO_ASSERT_MATCHES

BOOST_PROTO_ASSERT_MATCHES — Assert at compile time that a particular expression matches the specified grammar.
Synopsis

/1 I'n header: <boost/proto/debug. hpp>

BOOST_PROTO_ASSERT_MATCHES( expr, Granmar)

Description
Use BOOST_PROTO_ASSERT_MATCHES() to assert at compile-time that an expression matches a grammar.
Example:

typedef proto::plus< proto::termnal<int > proto::termnal<int > > Pluslnts;

BOOST_PROTO _ASSERT_MATCHES( proto::lit(1) + 42, Plusints );

See also:
* proto::assert_matches()
* proto::assert_natches_not ()

+ BOOST_PROTO ASSERT_MATCHES NOT()

Macro BOOST_PROTO_ASSERT_MATCHES_NOT

BOOST_PROTO_ASSERT MATCHES NOT — Assert at compile time that a particular expression does not match the specified
grammar.

Synopsis

/1 I'n header: <boost/proto/debug. hpp>

BOOST_PROTO_ASSERT_MATCHES NOT(expr, G anmar)

Description
Use BOOST_PROTO ASSERT_MATCHES NOT() to assert at compile-time that an expression does not match agrammar.

Example:

typedef proto::plus< proto::terminal<int > proto::termnal<int > > Pluslnts;

BOOST_PROTO_ASSERT_MATCHES _NOT( proto::lit("a string") + 42, Plusints );

See dso:
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* proto::assert_matches()
* proto::assert_natches_not ()

 BOOST_PROTO ASSERT MATCHES()

Header <boost/proto/deep_copy.hpp>

Replace al nodes stored by reference by nodes stored by value.

namespace boost {
namespace proto {
t enpl at e<t ypenane Expr>
typenane proto::result_of::deep_copy<Expr>::type deep_copy(Expr const &);
namespace result_of {
t enpl at e<t ypenane Expr> struct deep_copy;

}

namespace functional {
struct deep_copy;

}

Struct template deep_copy

boost::proto::result_of::deep_copy — A metafunction for calculating the return type of pr ot o: : deep_copy() .
Synopsis

/'l In header: <boost/proto/deep_copy. hpp>
t enpl at e<t ypenane Expr>
struct deep_copy {

/'l types

t ypedef unspecified type;
b

Description

A metafunction for calculating the return type of pr ot o: : deep_copy() . The type parameter Expr should be the type of a Proto
expression tree. It should not be a reference type, nor should it be cv-qualified.

Struct deep_copy

boost::proto::functional::deep_copy — A PolymorphicFunctionObject type for deep-copying Proto expression trees.
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Synopsis
/'l I'n header: <boost/proto/deep_copy. hpp>

struct deep_copy : proto::callable {
/1 nmenber cl asses/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : result_of::deep_copy<Expr> {
b
/1 public nmenber functions

t enpl at e<t ypenane Expr>
result_of::deep_copy<Expr>::type operator()(Expr const &) const;

Description

A PolymorphicFunctionObject type for deep-copying Proto expression trees. When atreeis deep-copied, al internal nodes and ter-
minalsheld by reference areinstead held by value. The only exception isfunction references, which continue to be held by reference.

deep_copy public member functions

L t enpl at e<t ypenane Expr>

resul t _of::deep_copy<Expr>::type operator()(Expr const & expr) const;

Deep-copies a Proto expression tree, turning al nodes and terminals held by reference into ones held by value.
Struct template result<This(Expr)>
boost::proto::functional::deep_copy::result<This(Expr)>
Synopsis

/'l In header: <boost/proto/deep_copy. hpp>

t enpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr)> : result_of::deep_copy<Expr> {
i

Function template deep_copy

boost::proto::deep_copy — A function for deep-copying Proto expression trees.
Synopsis
/'l I n header: <boost/proto/deep_copy. hpp>

t enpl at e<t ypenane Expr>
typenane proto::result_of::deep_copy<Expr>::type
deep_copy( Expr const & expr);
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Description

A function for deep-copying Proto expression trees. When a tree is deep-copied, al internal nodes and terminals held by reference
areinstead held by value.

Notes: Terminals of reference-to-function type are left unchanged.

Equivalenttoprot o: : functi onal : : deep_copy() (expr)

Header <boost/proto/domain.hpp>

Contains definition of the pr ot o: : donai n<> class template and helpers for defining domains with a generator for customizing
expression construction and agrammar for controlling operator overloading.

namespace boost {

namespace proto {

t enpl at e<t ypenanme Generator = proto::default_generator,
typenanme Grammar = proto::_, typenane Super = unspecified>
struct domai n;

struct default_donmain;
struct basic_defaul t _domain;
struct deduce_domai n;
t enpl at e<typenanme T> struct is_donain;
t enpl at e<t ypenanme T> struct domai n_of;

Struct template domain

boost::proto::domain — For use in defining domain tags to be used with pr ot o: : ext ends<>, BOOST_PROTO EXTENDS() and
BOOST_PROTO DEFI NE_OPERATORS( ) . A domain associates an expression type with a generator, and optionally a grammar. It
may also have a super-domain. Expressions in a sub-domain are interoperable (i.e. can be combined freely with) expressionsin a
super-domain. Finally, domains control how non-Proto objects are turned into Proto expressions and how they are combined to form
larger Proto expressions.
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Synopsis

/1 I'n header: <boost/proto/donain. hpp>

tenpl at e<t ypenane CGenerator = proto::default_generator

typenane Grammar = proto::_, typename Super = unspecified>
struct donmin : Generator {
/'l types

t ypedef G amar proto_gramar ;
t ypedef Generator proto_generator
t ypedef Super prot o_super _donai n

/'l menber cl asses/structs/unions

/1 A callable unary Mononor phi cFuncti onObj ect that specifies how objects are
/1 turned into Proto expressions in this donain. The resulting expression
/1 object is suitable for storage in a |local variable.
t enpl at e<t ypenane T>
struct as_expr : proto::callable {
/'l types
typedef see-bel ow result_type

/1 public nmenber functions
result_type operator()(T & const

e

/1 A callable unary Mononor phi cFuncti onObj ect that specifies how objects are
/1 turned into Proto expressions in this donain, for use in scenarios where
/1 the resulting expression is intended to be nade a child of another
/'l expression
t enpl at e<t ypenane T>
struct as_child : proto::callable {

/'l types

t ypedef see-bel ow result_type

/1 public nmenber functions
result_type operator()(T & const

Description

The Generator parameter determines how new expressions in the domain are post-processed. Typically, a generator wraps all new
expressions in awrapper that imparts domain-specific behaviors to expressions within its domain. (See pr ot o: : ext ends<>.)

The Grammar parameter determines whether a given expression is valid within the domain, and automatically disables any operator
overloads which would cause an invalid expression to be created. By default, the Grammar parameter defaults to the wildcard,
proto::_ ,which makesall expressions valid within the domain.

The Super parameter declares the domain currently being defined to be a sub-domain of Super. An expression in a sub-domain can
be freely combined with expressions in its super-domain (and its super-domain, etc.).

Example:
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tenpl at e<t ypenane Expr>
struct MyExpr;

struct MyG ammar
proto::or_< proto::termnal <_> proto::plus<M/Gamar, MG ammar> >

{};

/'l Define MyDomain, in which all expressions are
/1 wrapped in MyExpr<> and only expressions that
/1 conformto MyGranmar are all owed.
struct MyDonai n
pr ot o: : donmai n<pr ot o: : gener at or <MyExpr >, MyG amar >

{};

/1 Use MyDomain to define MyExpr
tenpl at e<t ypenane Expr>
struct MyExpr
proto:: extends<Expr, MExpr<Expr>, M/Donai n>
{

s

11

Thedonai n: : as_expr <> and donai n: : as_chi | d<> member templates define how non-Proto objects are turned into Proto ter-
minals and how Proto expressions should be processed before they are combined to form larger expressions. They can be overridden
in aderived domain for customization. Seetheir descriptionsto understand how Proto uses these two templates and what their default
behavior is.

Struct template as_expr

boost::proto::domain::as_expr — A callable unary MonomorphicFunctionObject that specifies how objects are turned into Proto
expressions in this domain. The resulting expression object is suitable for storage in alocal variable.

Synopsis

/1 I'n header: <boost/proto/donain. hpp>

/1 A callable unary Mononor phi cFunctionObj ect that specifies how objects are
/1 turned into Proto expressions in this donain. The resulting expression
/1 object is suitable for storage in a |local variable.
t enpl at e<t ypenane T>
struct as_expr : proto::callable {
/'l types
typedef see-below result_type;

/1 public nmenber functions
result_type operator()(T & const;

Description

A unary MonomorphicFunctionObject that specifies how objects are turned into Proto expressions in this domain. The resulting
expression object is suitable for storage in alocal variable. In that scenario, it is usually preferable to return expressions by value;
and, in the case of objectsthat are not yet Proto expressions, to wrap them by value (if possible) in anew Proto terminal expression.
(Contrast this description with the description for pr ot o: : donai n: : as_chi | d.)
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Theas_expr function object turns objects into Proto expressions, if they are not already, by making them Proto terminals held by
value if possible. Objects that are already Proto expressions are simply returned by value. If want s_basi ¢_expr <Gener at -
or>: :val ue istrue, then let E bepr ot o: : basi c_expr ; otherwise, let E be pr ot o: : expr. Given an lvaluet of typeT:

 If Tisnot aProto expression type, the resulting terminal is calculated as follows:
« If Tisafunction type, an abstract type, or atype derived from st d: : i os_base, letAbeT &.

» Otherwise, let A bethetype T stripped of cv-qualifiers.
Then, theresult of as_expr<T>() (t) isGenerator () (E<tag::terminal, ternmc A > > :make(t)).

» Otherwise, theresultist converted to an (un-const) rvalue.

as_expr public member functions
result_type operator()(T & t) const;

Parameters: t  Theobject to wrap.

Struct template as_child

boost::proto::domain::as_child — A callable unary MonomorphicFunctionObject that specifies how aobjects are turned into Proto
expressionsin thisdomain, for usein scenarios where the resulting expression is intended to be made a child of another expression.

Synopsis

/1 I'n header: <boost/proto/donain. hpp>

/1 A callable unary Mononor phi cFunctionObj ect that specifies how objects are
/1 turned into Proto expressions in this donain, for use in scenarios where
/1 the resulting expression is intended to be nade a child of another
/1 expression.
t enpl at e<t ypenane T>
struct as_child : proto::callable {

/'l types

typedef see-bel ow result_type;

/1 public nmenber functions
result_type operator()(T & const;

b

Description

A unary MonomorphicFunctionObject that specifies how objects are turned into Proto expressions in this domain. The resulting
expression object is suitablefor storage asachild of another expression. In that scenario, it isusualy preferableto store child expres-
sions by reference; or, in the case of objects that are not yet Proto expressions, to wrap them by reference in a new Proto terminal
expression. (Contrast this description with the description for pr ot o: : donai n: : as_expr.)

Theas_chi | d function object turns objects into Proto expressions, if they are not already, by making them Proto terminals held by
reference. Objectsthat are already Proto expressionsare simply returned by reference. If want s_basi c_expr <Gener at or >: : val ue
istrue, then let E bepr ot o: : basi c_expr; otherwise, let E bepr ot o: : expr. Given an lvaluet of type T:

 If Tisnot aProto expression type, theresultingterminal isGenerator () (E<tag: :terminal, tern<x T & > >::nake(t)).

» Otherwise, theresult isthelvaluet .
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as_chi | d public member functions
result_type operator()(T & t) const;

Parameters: t  Theobject to wrap.

Struct default_domain

boost::proto::default_domain — The domain expressions have by default, if pr ot o: : ext ends<> has not been used to associate
adomain with an expression.

Synopsis
/1 I'n header: <boost/proto/donmain. hpp>

struct default_domain : proto::domai n<> {

b

Struct basic_default_domain

boost::proto::basic_default_domain — A domain similiar in purpose to proto::default_domain, except stating a preference for
proto::basic_expr<> over proto::expr<>.

Synopsis
/1 I'n header: <boost/proto/donain. hpp>

struct basic_default_domain :
prot o::domai n< proto::basic_defaul t_generator >

{
}
Struct deduce_domain

boost::proto::deduce_domain— A pseudo-domain for usein functions and metafunctionsthat require adomain parameter. It indicates
that the domain of the parent node should be inferred from the domains of the child nodes.

Synopsis
/1 I'n header: <boost/proto/donain. hpp>

struct deduce_donain {

I

Description

When pr ot o: : deduce_domai n is used as a domain — either explicitly or implicitly by pr ot o: : make_expr (), proto: : un-
pack_expr (), or Proto's operator overloads — Proto will use the domains of the child expressions to compute the domain of the
parent. Itisdonein such away that (A) expressionsin domainsthat share acommon super-domain areinteroperable, and (B) expres-
sionsthat are in the default domain (or a sub-domain thereof) are interoperable with all expressions. The rules are as follows:
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» A sub-domain is stronger than its super-domain.

e proto::default_domain, proto:: basic_default_domai n and al their sub-domains are weaker than all other domains.
* proto::basic_defaul t_domai nisweaker than prot o: : def aul t _donai n.

* For each child, define a set of domains S that includes the child's domain and al its super-domains.

» Defineaset Igthat isthe intersection of al the individual sets Sy that don't contain pr ot o: : def aul t _domai n or pr ot o: : ba-
sic_defaul t _donai n.

» Defineaset Iy that istheintersection of all theindividual sets S that contain pr ot o: : def aul t _domai n or pr ot o: : basi c_de-
faul t _domai n.

» Defineaset P that isthe union of Igand Iy
» The common domain isthe strongest domain in set P, with the following caveats.

» LetU betheunionof all setsSy. If theresultispr ot o: : def aul t _domai norprot o: : basi c_def aul t _domai n andU contains
an element that isnot pr ot o: : def aul t _domai n or prot o: : basi ¢c_def aul t _domai n, itisan error.

Note: the above description sounds like it would be expensive to compute at compile time. In fact, it can all be done using C++
function overloading.

Struct template is_domain
boost::proto::is_domain
Synopsis

/1 I'n header: <boost/proto/donain. hpp>

t enpl at e<t ypenane T>

struct is_domain : npl::bool_< true-or-false > {
b
Description

A metafunction that returnsnpl : : t rue_ if the type T is the type of a Proto domain; npl : : f al se_ otherwise. If T inherits from
proto::domai n<>,i s_donai n<T>isnpl : :true_.
Struct template domain_of

boost::proto::domain_of
Synopsis

/'l 1 n header: <boost/proto/domain. hpp>

t enpl at e<t ypenane T>

struct donmi n_of {

/'l types

typedef donmin-of -T type;
b
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Description

A metafunction that returnsthe domain of agiventype. If T isaProto expression type, it returnsthat expression's associated domain.
If not, it returnspr ot o: : def aul t _domai n.

Header <boost/proto/eval.hpp>

Containsthe proto::eval () expressionevauator.

nanespace boost {
nanespace proto {
t enpl at e<t ypenane Expr, typenane Context>
typenanme proto::result_of::eval < Expr, Context >::type
eval (Expr & Context &);
t enpl at e<t ypenane Expr, typenane Context>
typenanme proto::result_of::eval < Expr, Context >::type
eval (Expr & Context const &);
namespace functional {
struct eval
}
namespace result_of {
t enpl at e<t ypenanme Expr, typenane Context> struct eval
}
}
}

Struct eval

boost::proto::functional::eval — A PolymorphicFunctionObject type for evaluating a given Proto expression with a given context.
Synopsis
/'l In header: <boost/proto/eval.hpp>

struct eval : proto::callable {
/'l menber cl asses/structs/unions
t enpl at e<t ypenane Thi s, typename Expr, typenanme Context >
struct result<This(Expr, Context)>
proto::result_of::eval <
typenanme boost::renove_reference< Expr >::type
typenanme boost::renove_reference< Context >::type
>
{
b

/'l public menber functions

t enpl at e<t ypenanme Expr, typenanme Context>
typenanme proto::result_of::eval < Expr, Context >::type
operator () (Expr & Context & const

t enpl at e<t ypenane Expr, typenanme Context>
typenanme proto::result_of::eval < Expr, Context >::type
operator () (Expr & Context const &) const;
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Description
eval public member functions

L t enpl at e<t ypenane Expr, typenane Context >

typename proto::result_of::eval < Expr, Context >::type
operator () (Expr & expr, Context & context) const;

Evaluate a given Proto expression with a given context.

Parameters: context  The context in which the expression should be eval uated.
expr The Proto expression to eval uate.
Returns: typenanme Context::tenplate eval <Expr>() (expr, context)

t enpl at e<t ypenane Expr, typenane Context >
typenane proto::result_of::eval < Expr, Context >::type
operator () (Expr & expr, Context const & context) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(Expr, Context)>

boost::proto::functional::eval ::result<This(Expr, Context)>
Synopsis
/'l In header: <boost/proto/eval.hpp>

tenpl at e<typenane This, typenane Expr, typenane Context>
struct result<This(Expr, Context)>
proto::result_of::eval <
t ypenanme boost::renove_reference< Expr >::type
typename boost::renove_reference< Context >::type
>

Struct template eval

boost::proto::result_of::eval — A metafunction for calculating thereturntypeof prot o: : eval () givenacertain Expr and Cont ext
types.

Synopsis

/'l I n header: <boost/proto/eval.hpp>

t enpl at e<t ypenane Expr, typenane Context>

struct eval {

/'l types

typedef typenane Context::tenplate eval < Expr >::result_type type

i
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Function eval

boost::proto::eval — Evaluate a given Proto expression with a given context.

Synopsis
/'l I'n header: <boost/proto/eval.hpp>

t enpl at e<t ypename Expr, typenane Context >

typenane proto::result_of::eval < Expr, Context >::type

eval (Expr & expr, Context & context);
t enpl at e<t ypenane Expr, typenane Context>

typenane proto::result_of::eval < Expr, Context >::type

eval (Expr & expr, Context const & context);

Description

Parameters: context  Thecontext in which the expression should be evaluated.
expr The Proto expression to evaluate.

Returns: typenanme Context::tenpl ate eval <Expr>()(expr, context)

Header <boost/proto/expr.hpp>

namespace boost {
namespace proto {
t enpl at e<t ypenane Tag, typenane Args, long Arity
struct basic_expr;
t enpl at e<t ypenane Tag, typenane Args, long Arity
t enpl at e<t ypenanme Expr> struct unexpr;
}
}

Struct template basic_expr

Args::arity>

Args::arity> struct expr;

boost::proto::basic_expr — Simplified representation of anode in an expression tree.
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Synopsis

/'l I'n header: <boost/proto/expr.hpp>

tenpl at e<typenane Tag, typenane Args, long Arity = Args::arity>
struct basic_expr {

/'l types

t ypedef Tag proto_tag;

t ypedef Args proto_args;

typedef npl::long < Arity > proto_arity;

typedef proto::basic_default_domain proto_donain;

t ypedef basic_expr proto_gramar ;

t ypedef basi c_expr prot o_base_expr;

t ypedef basi c_expr prot o_derived_expr;

typedef typenane Args::childN proto_chil dN; /1 For each Nin [0, max(Arity,1)).

/1 public static functions
tenpl at e<typenane... A> static basic_expr const nake(A const & ..);

/1 public nmenber functions

basi c_expr & proto_base();
basi c_expr const & proto_base() const;

Description

prot o: : basi c_expr <>isanodein an expression templatetree. Itisacontainer for its child sub-trees. It also serves astheterminal
nodes of the tree.

Tag is type that represents the operation encoded by this expression. It is typically one of the structsin the boost : : proto: : t ag
namespace, but it doesn't have to be. If Ari t y is 0 then thisexpr <> type represents aleaf in the expression tree.

Ar gs isalist of typesrepresenting the children of thisexpression. Itisan instantiation of oneof prot o: : 1'i st 1<>,proto: : | i st 2<>,
etc. The child types must al themselves be either proto: : expr<> or proto:: basi c_expr<>& (or extensions thereof via
proto: : ext ends<> or BOOST_PROTO EXTENDS() ), unlessAri ty isO, inwhich case Ar gs must bepr ot o: : t er nxkT>, where T
can be any type.

prot o: : basi ¢c_expr <> isavalid Fusion random-access sequence, where the elements of the sequence are the child expressions.

basi c_expr public static functions

L tenpl at e<typenane... A> static basic_expr const nake(A const & .. a);
Requires: The number of supplied arguments must be max(Arity, 1).
Returns: A new basi c_expr object initialized with the specified arguments.

basi c_expr public member functions
1. . ]
basi c_expr & proto_base();
Returns: *this

basi c_expr const & proto_base() const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.
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Struct template expr

boost::proto::expr — Representation of anode in an expression tree.

Synopsis

/'l In header: <boost/proto/expr.hpp>

t enpl at e<t ypenane Tag,

struct expr {
/'l types
typedef Tag
typedef Args

typenane Args,

typedef npl::long < Arity >
typedef proto::default_donain
typedef proto::basic_expr< Tag, Args, Arity > proto_granmar;

t ypedef expr
t ypedef expr

t ypedef typenane Args::childN

ity 1)).

/1 menber cl asses/structs/unions
t enpl at e<t ypenane Si gnat ure>

struct result {
/'l types

b

t ypedef unspecified type;

/1 public static functions
A> static expr const make(A const

t enpl at e<t ypenane.

/1 public nmenber functions
expr & proto_base();
expr const & proto_base() const;

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

A>
A>
A>
A>
A>
A>
A>
A>

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

unspeci fi
unspeci fi
unspeci fi
unspeci fi
unspeci fi
unspeci fi
unspeci fi
unspeci fi

ed
ed
ed
ed
ed
ed
ed
ed

long Arity = Args::arity>

proto_tag;
proto_args;
proto_arity;
pr ot o_donai n;

prot o_base_expr;
proto_derived_expr;

proto_chil dN

& ..);

operator=(A &) ;

operator=(A const &);
operator=(A & const;
operator=(A const &) const;
operator[] (A &) ;

operator[] (A const &);
operator[] (A & const;

operator[] (A const &)

A> unspecified operator() (A const
A> unspecified operator() (A const

/1 public data nenbers
proto_chil dN chil dN;
static const long proto_arity_c;

Description

const ;
& ..);

/1 For each Nin [0, max(Ar[J

& ..) const;

/'l For each Nin [0, max(Arity,1)).

Il = Arity;

prot o: : expr <> isanodein an expression template tree. It isacontainer for its child sub-trees. It also serves as the terminal nodes

of the tree.

Tag istype that represents the operation encoded by this expression. It is typically one of the structsin the boost : : proto: : t ag
namespace, but it doesn't have to be. If Ari t y is O then thisexpr <> type represents aleaf in the expression tree.

Ar gs isalist of typesrepresenting the children of thisexpression. It isan instantiation of oneof prot o: : 1i st 1<>,proto: : | i st 2<>,
etc. The child types must al themselves be either proto: : expr<> or proto:: basi c_expr<>& (or extensions thereof via
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proto: : ext ends<> or BOOST_PROTO EXTENDS() ), unlessAri ty isO, inwhich case Ar gs must bepr ot o: : t er nxkT>, where T
can be any type.

prot o: : expr <> isavalid Fusion random-access sequence, where the elements of the sequence are the child expressions.

expr public static functions

L tenpl ate<typenane... A> static expr const nake(A const & .. a);
Requires: The number of supplied arguments must be max(Arity, 1).
Returns: A new expr object initialized with the specified arguments.

expr public member functions
expr & proto_base();
Returns: *this
expr const & proto_base() const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator=(A & a);

Lazy assignment expression
Returns: A new expression node representing the assignment operation.

t enpl at e<t ypename A> unspecified operator=(A const & a);

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenanme A> unspecified operator=(A & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator=(A const & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator[](A & a);

Lazy subscript expression
Returns: A new expression node representing the subscript operation.

t enpl at e<t ypenane A> unspecified operator[](A const & a);

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.
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10

t enpl at e<t ypenane A> unspecified operator[](A & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator[](A const & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

tenpl at e<typenane... A> unspecified operator()(A const & .. a)

Lazy function call
Returns: A new expression node representing the function call operation.

tenpl at e<typenane. .. A> unspecified operator()(A const & .. a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result

boost::proto::expr::result

Synopsis

/

t

/' I'n header: <boost/proto/expr.hpp>

enpl at e<t ypenane Si gnat ur e>

struct result {

b

/'l types
t ypedef unspecified type;

Description

Encodesthereturntype of pr ot o: : expr <>: : oper at or () . Makespr ot o: : expr <> aTR1-style function object type usable with
boost::result_of <>

Struct template unexpr

boost::proto::unexpr — Lets you inherit the interface of an expression while hiding from Proto the fact that the type is a Proto ex-
pression.
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Synopsis

/'l I'n header: <boost/proto/expr.hpp>

t enpl at e<t ypenane Expr>
struct unexpr : Expr {
/'l construct/copy/ destruct
unexpr ( Expr const &);
b

Description

For an expressiontype E, proto::is_expr<BE>: :value iStrue,but proto::is_expr<proto::unexpr<E> >::val ue
isfal se.

unexpr public construct/copy/destruct

unexpr (Expr const & expr);

Header <boost/proto/extends.hpp>

Macros and a base class for defining end-user expression types

BOOST_PROTO_EXTENDS( Expr, Derived, Domai n)

BOOST_PROTO _BASI C_EXTENDS( Expr, Derived, Donai n)
BOOST_PROTO_EXTENDS_ASSI G\()

BOOST_PROTO_EXTENDS _FUNCTI ON()
BOOST_PROTO_EXTENDS_SUBSCRI PT()

BOOST_PROTO_EXTENDS_USI NG_ASSI G\( Der i ved)
BOOST_PROTO_EXTENDS_USI NG_ASSI GN_NON_DEPENDENT( Der i ved)

namespace boost {
namespace proto {
struct is_proto_expr;
t enpl at e<t ypenane Expr, typenane Derived,
typenanme Donmain = proto::default_domai n>
struct extends;

Struct is_proto_expr

boost::proto::is_proto_expr — Empty typeto be used asadummy template parameter of POD expression wrappers. It allows argument-
dependent lookup to find Proto's operator overloads.

Synopsis
/1 I'n header: <boost/proto/extends. hpp>

struct is_proto_expr {

}
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Description

proto::is_proto_expr alowsargument-dependent lookup to find Proto's operator overloads. For example:

tenpl at e<typenanme T, typename Durmmy = proto::is_proto_expr>
struct ny_term nal

{
BOOST_PROTO_BASI C_EXTENDS(
typenanme proto::termnal <T>::type
nmy_term nal <T>
proto::defaul t _domain
)
1
/1

my_termnal<int> _1, _2;
1+ _2; // OK wuses proto::operator+

Without the second Dumry template parameter, Proto's operator overloads would not be considered by name lookup.

Struct template extends

boost::proto::extends — For adding behaviors to a Proto expression template.
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Synopsis

/1

I n header: <boost/proto/extends. hpp>

t enpl at e<t ypenane Expr, typenane Derived,

st

typenane Donmain = proto::default_donai n>

ruct extends {

/'l types

t ypedef typenane Expr::proto_base_expr prot o_base_expr;

t ypedef Donain prot o_domai n;
typedef Derived prot o_derived_expr;
t ypedef extends pr ot o_ext ends;
typedef typenane proto_base_expr::proto_tag proto_tag;

t ypedef typenane proto_base_expr::proto_args proto_args;

typedef typenanme proto_base_expr::proto_arity proto_arity;

typedef typenanme proto_base_expr::proto_granmar proto_gramar;

typedef typenane proto_base_expr::proto_childN proto_childN

each Nin [0,max(1,proto_arity_c))

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Si gnat ure>
struct result {

/'l types

t ypedef unspecified type;

b

/'l construct/copy/ destruct
extends();

ext ends(extends const &);
ext ends( Expr const &);

/1 public static functions
static Derived const make(Expr const &);

/1 public nmenber functions

prot o_base_expr & proto_base();

prot o_base_expr const & proto_base() const;

t enpl at e<t ypenane A> unspecified operator=(A &) ;

t enpl at e<t ypenane A> unspecified operator=(A const &);

t enpl at e<t ypenane A> unspecified operator=(A & const;

t enpl at e<t ypenane A> unspecified operator=(A const &) const;
t enpl at e<t ypenane A> unspecified operator[](A &);

t enpl at e<t ypenane A> unspecified operator[] (A const &);

t enpl at e<t ypenane A> unspecified operator[](A & const;

t enpl at e<t ypenane A> unspecified operator[](A const &) const;
t enpl at e<typenane. .. A> unspecified operator()(A const & ..);

tenpl at e<typenane. .. A> unspecified operator()(A const & ..) const;

/1 public data nenbers

/1 For

Expr proto_expr_; // For exposition only.

static const long proto_arity c; [// = proto_base_expr::proto_arity_c;
b
Description

O

Usepr ot o: : ext ends<> to give expressions in your domain custom data members and member functions.

Conceptually, using pr ot o: : ext ends<> is akin to inheriting from pr ot o: : expr <> and adding your own members. Using
proto: : ext ends<> is generally preferrable to straight inheritance because the members that would be inherited from
pr ot o: : expr <> would bewrong; they would incorrectly slice off your additional members when building larger expressions from
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smaller ones. pr ot o: : ext ends<> automatically gives your expression types the appropriate operator overloads that preserve your
domain-specific members when composing expression trees.

Expression extensions are typically defined as follows:

tenpl at e< typenanme Expr >
struct my_expr
proto: : extends<
Expr /'l The expression type we're extending
ny_expr< Expr > // The type we're defining
ny_domai n /1 The domain associated with this expression extension
>
/1 An expression extension is constructed fromthe expression
/1 it is extending.
ny_expr( Expr const & e = Expr() )
. my_expr::proto_extends( e )
{}
/1 Unhi de proto::extends::operator=
/1 (This is only necessary if a |azy assignnent operator
/'l makes sense for your domain-specific |anguage.)
BOOST_PROTO_EXTENDS_USI NG_ASSI GN( ny_expr)
/*
donmai n-speci fic nenbers go here ...
*/

See also:

e BOOST_PROTO_EXTENDS()

e BOOST_PROTO_EXTENDS_USI NG_ASSI G\()

e BOOST_PROTO _EXTENDS_USI NG_ASSI GN_NON_DEPENDENT( )

ext ends public construct/copy/destruct

extends();

ext ends(extends const & that);

ext ends( Expr const & expr_);

ext ends public static functions
static Derived const make( Expr const & expr);

Construct an expression extension from the base expression.

ext ends public member functions

prot o_base_expr & proto_base();
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Returns: prot o_expr_. proto_base()
Throws: Will not throw.

prot o_base_expr const & proto_base() const;

Returns: prot o_expr_. proto_base()
Throws: Will not throw.

t enpl at e<t ypenane A> unspecified operator=(A & a);

Lazy assignment expression
Returns: A new expression node representing the assignment operation.

t enpl at e<t ypenane A> unspecified operator=(A const & a);

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenanme A> unspecified operator=(A & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator=(A const & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator[](A & a);

Lazy subscript expression
Returns: A new expression node representing the subscript operation.

t enpl at e<t ypenane A> unspecified operator[](A const & a);

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator[](A & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

t enpl at e<t ypenane A> unspecified operator[](A const & a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

tenpl at e<typenane. .. A> unspecified operator()(A const & .. a);

Lazy function call
Returns: A new expression node representing the function call operation.
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tenpl at e<typenane. .. A> unspecified operator()(A const & .. a) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.
Struct template result

boost::proto::extends::result
Synopsis
/1 I n header: <boost/proto/extends. hpp>

t enpl at e<t ypenane Si gnat ure>
struct result {

/'l types

t ypedef unspecified type;
b

Description

So that boost : : resul t _of <> can compute the return type of pr ot o: : ext ends: : operator ().

Macro BOOST_PROTO_EXTENDS

BOOST_PROTO _EXTENDS — For creating expression wrappers that add behaviors to a Proto expression template, like
pr ot o: : ext ends<>, but while retaining POD-ness of the expression wrapper.

Synopsis

/1 I'n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS( Expr, Derived, Donai n)

Description

Equivalent to:

BOOST_PROTO_BASI C_EXTENDS( Expr, Derived, Domain)
BOOST_PROTO_EXTENDS_ASSI GN()
BOOST_PROTO_EXTENDS_SUBSCRI PT()
BOOST_PROTO_EXTENDS_FUNCTI ON()

If the Donmi n parameter is dependent, you can specify it ast ypename Donmi n, asin BOOST_PROTO_EXTENDS( Expr, Deri ved,
t ypename Dormai n)

Example:
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tenpl ate< cl ass Expr >
struct my_expr;

struct my_donain
proto::domai n< proto::pod_generator< my_expr > >

i

tenpl ate< cl ass Expr >
struct my_expr

{
/1 OK, this makes ny_expr<> a valid Proto expression extension.
/'l ny_expr<> has overl oaded assi gnnent, subscript,
/1 and function call operators that build expression tenpl ates.
BOOST_PROTO_EXTENDS( Expr, my_expr, ny_donain)

b

/'l OK, ny_expr<>is POD, so this is statically initialized:
ny_expr< proto::termnal<int> :type > const _1 = {{1}};

Macro BOOST_PROTO_BASIC_EXTENDS

BOOST_PROTO _BASIC_ EXTENDS — For creating expression wrappers that add members to a Proto expression template, like
prot o: : ext ends<>, but while retaining POD-ness of the expression wrapper.

Synopsis

/'l I'n header: <boost/proto/extends. hpp>

BOOST_PROTO_BASI C_EXTENDS( Expr, Derived, Donai n)

Description

BOOST_PROTO BASI C_EXTENDS() adds the basic typedefs, member functions, and data members necessary to make a struct a
valid Proto expression extension. It does not add any constructors, virtual functions or access control blocks that would render the
containing struct non-POD.

Expr isthe Proto expression that the enclosing struct extends. Der i ved isthetype of the enclosing struct. Donzi n isthe Proto domain
to which this expression extension belongs. (See pr ot o: : domai n<>.) Can be preceeded with "t ypenane" if the specified domain
is adependent type.

BOOST_PROTO BASI C_EXTENDS() addsto its enclosing struct exactly one data member of type Expr .

If the Domai n parameter is dependent, you can specify it ast ypenane Domai n, asin BOOST_PROTO BASI C_EXTENDS( Expr ,
Derived, typenane Donai n)

Example:
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tenpl ate< cl ass Expr >
struct my_expr;

struct my_donain
proto::domai n< proto::pod_generator< my_expr > >

i

tenpl ate< cl ass Expr >
struct my_expr

{
/1 OK, this nmakes ny_expr<> a valid Proto expression extension
/'l ny_expr<> does /not/ have overl oaded assi gnnent, subscript,
/1 and function call operators that build expression tenplates, however.
BOOST_PROTO _BASI C_EXTENDS( Expr, ny_expr, my_donai n)
b

/1 OK, ny_expr<>is POD, so this is statically initialized
ny_expr< proto::termnal<int> :type > const _1 = {{1}};

See also:

e BOOST_PROTO_EXTENDS_ASSI G\()

e BOOST_PROTO_EXTENDS_SUBSCRI PT()
e BOOST_PROTO_EXTENDS_FUNCTI ON()

* BOOST_PROTO_EXTENDS()

Macro BOOST _PROTO_EXTENDS_ASSIGN

BOOST_PROTO_EXTENDS ASSIGN — For adding to an expression extension class an overloaded assignment operator that
builds an expression templ ate.

Synopsis

/1 I'n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS_ASSI G\( )

Description

Use BOOST_PROTO_EXTENDS_ASSI GN() after BOOST_PROTO BASI C_EXTENDS() to give an expression extension class an
overloaded assignment operator that builds an expression template.

See also:

¢ BOOST_PROTO _BASI C_EXTENDS( )

e BOOST_PROTO_EXTENDS_SUBSCRI PT()
e BOOST_PROTO_EXTENDS_FUNCTI ON()

* BOOST_PROTO_EXTENDS( )
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Macro BOOST _PROTO_EXTENDS_FUNCTION

BOOST_PROTO_EXTENDS _FUNCTION — For adding to an expression extension class a set of overloaded function call operators
that build expression templates.

Synopsis

/1 1n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS_FUNCTI ON( )

Description

Use BOOST_PROTO_EXTENDS_FUNCTI ON() after BOOST_PROTO BASI C_EXTENDS() to give an expression extension class a set
of overloaded function call operators that build expression templates. In addition, BOOST_PROTO_EXTENDS_FUNCTI ON() adds a
nested r esul t <> classtemplate that is a metafunction for calculating the return type of the overloaded function call operators.

See also:

* BOOST_PROTO BASI C_EXTENDS()

» BOOST_PROTO _EXTENDS_ASSI G\()

» BOOST_PROTO_EXTENDS_SUBSCRI PT()

e BOOST_PROTO_EXTENDS( )

Macro BOOST _PROTO_EXTENDS SUBSCRIPT

BOOST_PROTO_EXTENDS SUBSCRIPT — For adding to an expression extension class an overloaded subscript operator that
builds an expression template.

Synopsis

/1 1n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS_SUBSCRI PT()

Description

Use BOOST_PROTO_EXTENDS_SUBSCRI PT() after BOOST_PROTO BASI C_EXTENDS() to give an expression extension class an
overloaded subscript operator that builds an expression template.

See also:

» BOOST_PROTO BASI C_EXTENDS()

» BOOST_PROTO _EXTENDS_ASSI G\()

» BOOST_PROTO_EXTENDS_FUNCTI ON()

« BOOST_PROTO_EXTENDS()
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Macro BOOST PROTO _EXTENDS USING ASSIGN

BOOST_PROTO_EXTENDS _USING_ASSIGN — For exposing in classes that inherit from pr ot o: : ext ends<> the overloaded
assignment operators defined therein.

Synopsis

/1 1n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS_USI NG_ASSI G\( Der i ved)

Description

The standard usage of pr ot o: : ext ends<> istoinherit fromit. However, the derived class automatically gets a compiler-generated
assignment operator that will hide the ones defined in pr ot o: : ext ends<>. Use BOOST_PROTO_EXTENDS_USI NG _ASSI G\() in
the derived class to unhide the assignment operators defined in pr ot o: : ext ends<>.

Seepr ot o: : ext ends<> for an example that demonstrates usage of BOOST_PROTO_EXTENDS_USI NG_ASSI G\() .

Macro BOOST_PROTO_EXTENDS_USING_ASSIGN_NON_DEPENDENT

BOOST_PROTO_EXTENDS USING_ASSIGN_NON_DEPENDENT — For exposing in classes that inherit from pr ot o: : ex-
t ends<> the overloaded assignment operators defined therein. Unlike the BOOST_PROTO _EXTENDS_USI NG _ASSI G\() macro,
BOOST_PROTO_EXTENDS_USI NG _ASSI GN_NON_DEPENDENT( ) isfor use in non-dependent contexts.

Synopsis

/1 I'n header: <boost/proto/extends. hpp>

BOOST_PROTO_EXTENDS_USI NG_ASSI GN_NON_DEPENDENT( Der i ved)

Description

The standard usage of pr ot o: : ext ends<> isto defineaclasstemplate that inheritsfrom it. The derived classtemplate automatically
gets a compiler-generated assignment operator that hides the ones defined in pr ot o: : ext ends<>. Using BOOST_PROTO_EX-
TENDS_USI NG_ASSI G\() in the derived class solves this problem.

However, if the expression extension isan ordinary class and not aclasstemplate, the usage of BOOST_PROTO_EXTENDS_USI NG_AS-
SI G\() isin aso-called non-dependent context. In plain English, it meansitisillegal to uset ypenane in some places whereit is
required in aclasstemplate. In those cases, you should use BOOST_PROTO_EXTENDS_USI NG_ASSI GN_NON_DEPENDENT( ) instead.

See dlso:
* proto::extends<>

« BOOST_PROTO_EXTENDS_USI NG_ASSI G\()

Header <boost/proto/functional.hpp>

Includes all the functional extensions of Proto.

Header <boost/proto/functional/fusion.hpp>

Includes al the functional extensionsto Proto for the Boost.Fusion library.
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Header <boost/proto/functional/fusion/at.npp>

Includes Proto callable boost : : prot o: : functional :: at.

namespace boost {
namespace proto {
namespace functional {
struct at;
}
}
}

Struct at

boost::proto::functional::at — A PolymorphicFunctionObject typethat invokesthef usi on: : at () accessor function onitsarguments.
Synopsis
/'l In header: <boost/proto/functional/fusion/at.hpp>

struct at : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Seq, typenane N>
struct result<This(Seq, N> : fusion::result_of::at<
typenanme boost::renove_reference<Seqg>::type
typenanme boost::renpve_const <t ypenane boost::renove_reference<N>::type>::type
>

{
}

/1 public nmenber functions

t enpl at e<t ypenane Seq, typenane N>
typenane fusion::result_of::at< Seq, N > :type
operator()(Seq & N const &) const;

t enpl at e<t ypenane Seq, typenane N>
typenane fusion::result_of::at< Seq const, N >::type
operator()(Seq const & N const &) const;

Description
A PolymorphicFunctionObject type that invokes the f usi on: : at () accessor function on its arguments.

at public member functions

tenpl at e<t ypenane Seq, typenane N>
typenanme fusion::result_of::at< Seq, N > :type
operator()(Seq & seq, N const & n) const;

Returns: fusion::at <N>(seq)

2. t enpl at e<t ypenane Seq, typenane N>

typenane fusion::result_of::at< Seq const, N >::type
operator()(Seq const & seq, N const & n) const;

Returns: fusi on: : at <N>(seq)
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Struct template result<This(Seq, N)>

boost::proto::functional::at::result<This(Seq, N)>
Synopsis
/'l I n header: <boost/proto/functional/fusion/at.hpp>

tenpl at e<typenane This, typenane Seq, typenane N>
struct result<This(Seq, N> : fusion::result_of::at<
typenane boost::renove_reference<Seq>: :type
typenane boost::renpve_const <t ypenane boost::renove_reference<N>::type>::type

Header <boost/proto/functional/fusion/pop_back.hpp>

Includes Proto callable boost : : prot o: : functi onal : : pop_back.

namespace boost {
namespace proto {
namespace functional {
struct pop_back;
}
}
}

Struct pop_back

boost::proto::functional::pop_back — A PolymorphicFunctionObject type that invokes the f usi on: : pop_back() algorithm on
its argument.

Synopsis
/'l In header: <boost/proto/functional/fusion/pop_back. hpp>

struct pop_back : proto::callable {
/1 nmenber cl asses/structs/unions
tenpl at e<typenane This, typenane Seq>

struct result<This(Seq)> : result< This(Seq const & > {

s

tenpl at e<typenane This, typenane Seq>

struct result<This(Seq & > : fusion::result_of::pop_back< Seq > {
s

/1 public nmenber functions
t enpl at e<t ypenane Seq>

typenanme fusion::result_of::pop_back< Seq >::type operator()(Seq & const;
t enpl at e<t ypenane Seq>

typenane fusion::result_of::pop_back< Seq const >::type

operator()(Seq const &) const;
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Description
A PolymorphicFunctionObject type that invokesthe f usi on: : pop_back() agorithm on its argument.

pop_back public member functions

t enpl at e<t ypenane Seq>
typenane fusion::result_of::pop_back< Seq >::type
operator()(Seq & seq) const

Returns: f usi on: : pop_back(seq)

t enpl at e<t ypenane Seq>
typename fusion::result_of::pop_back< Seq const >::type
operator()(Seq const & seq) const;

Returns: fusi on: : pop_back(seq)
Struct template result<This(Seq)>
boost::proto::functional ::pop_back::result<This(Seq)>
Synopsis
/'l I'n header: <boost/proto/functional/fusion/pop_back. hpp>

t enpl at e<t ypenane Thi s, typenane Seq>
struct result<This(Seq)> : result< This(Seq const & > {

s
Struct template result<This(Seq &)>
boost::proto::functional::pop_back::result<This(Seq &)>
Synopsis

/1 I'n header: <boost/proto/functional/fusion/pop_back. hpp>

t enpl at e<t ypenane This, typenane Seq>
struct result<This(Seq & > : fusion::result_of::pop_back< Seq > {

I

Header <boost/proto/functional/fusion/pop_front.hpp>

Includes Proto callable boost : : prot o: : functional : : pop_front.
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nanespace boost {
nanespace proto {
namespace functional {
struct pop_front;
}
}
}

Struct pop_front

boost::proto::functional::pop_front — A PolymorphicFunctionObject type that invokes the f usi on: : pop_f ront () agorithm on
its argument.

Synopsis
/1 I'n header: <boost/proto/functional/fusion/pop_front. hpp>

struct pop_front : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Seq>
struct result<This(Seq)> : result< This(Seq const & > {

s

tenpl at e<t ypenane This, typenane Seq>

struct result<This(Seq & > : fusion::result_of::pop_front< Seq > {
s

/1 public menber functions
t enpl at e<t ypenane Seq>

typenanme fusion::result_of::pop_front< Seq >::type operator()(Seq & const;
t enpl at e<t ypenane Seq>

typename fusion::result_of::pop_front< Seq const >::type

operator()(Seq const & const;

Description

A PolymorphicFunctionObject type that invokesthef usi on: : pop_f ront () agorithm on itsargument. Thisis useful for defining
a CallableTransform such as pop_f ront (_) , which removes the first child from a Proto expression node. Such a transform might
be used as the first argument to the pr ot o: : f ol d<> transform; that is, fold all but the first child.

pop_front public member functions

t enpl at e<t ypenane Seq>
typenane fusion::result_of::pop_front< Seq >::type
operator()(Seq & seq) const;

Returns: fusion::pop_front(seq)

t enpl at e<t ypenane Seq>
typename fusion::result_of::pop_front< Seq const >::type
operator()(Seq const & seq) const;

Returns: fusion::pop_front(seq)
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Struct template result<This(Seq)>

boost::proto::functional::pop_front::result<This(Seq)>
Synopsis
/'l I n header: <boost/proto/functional/fusion/pop_front. hpp>

tenpl at e<typenane This, typenane Seq>
struct result<This(Seq)> : result< This(Seq const & > {

I

Struct template result<This(Seq &)>

boost::proto::functional::pop_front::result<This(Seq & )>
Synopsis
/1 I'n header: <boost/proto/functional/fusion/pop_front. hpp>

tenpl at e<t ypenane This, typenane Seq>
struct result<This(Seq & > : fusion::result_of::pop_front< Seq > {

b

Header <boost/proto/functional/fusion/push_back.hpp>

Includes Proto callable boost : : prot o: : functi onal : : push_back.

nanespace boost {
nanespace proto {
namespace functional {
struct push_back;
}
}
}

Struct push_back

boost::proto::functional::push_back — A PolymorphicFunctionObject type that invokes thef usi on: : push_back() algorithm on
its arguments.
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Synopsis
/'l 1n header: <boost/proto/functional/fusion/push_back. hpp>

struct push_back : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Seq, typenane T>
struct result<This(Seq, T)> : fusion::result_of::push_back<
t ypenanme boost::add_const <t ypenane boost: :renove_reference<Seq>::type>: :type
typenane boost::renpve_const <t ypenane boost::renove_reference<T>: :type>: :type
>

{

b

/1 public nmenber functions

t enpl at e<t ypenane Seq, typenanme T>

typenanme fusion::result_of::push_back< Seq const, T >::type
operator()(Seq const & T const &) const;

Description
A PolymorphicFunctionObject type that invokes the f usi on: : push_back() agorithm on its arguments.

push_back public member functions

1.
t enpl at e<t ypenane Seq, typenane T>
typenanme fusion::result_of::push_back< Seq const, T >::type
operator()(Seq const & seq, T const & t) const;
Returns: fusion::push_back(seq, t)

Struct template result<This(Seq, T)>

boost::proto::functional::push_back::result<This(Seq, T)>
Synopsis
/'l In header: <boost/proto/functional/fusion/push_back. hpp>

t enpl at e<typenanme This, typenanme Seq, typenanme T>
struct result<This(Seq, T)> : fusion::result_of::push_back<
t ypenanme boost::add_const <t ypenane boost::renove_reference<Seq>::type>: :type
, typenane boost::renpve_const<typenane boost::renove_reference<T> :type>: :type

>

Header <boost/proto/functional/fusion/push_front.npp>

Includes Proto callable boost : : proto: : functional : : push_front.
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nanespace boost {
nanespace proto {
namespace functional {
struct push_front;
}
}
}

Struct push_front

boost::proto::functional::push_front — A PolymorphicFunctionObject type that invokes the f usi on: : push_front () agorithm
on its arguments.

Synopsis
/1 I'n header: <boost/proto/functional/fusion/push_front.hpp>

struct push_front : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Seq, typenane T>
struct result<This(Seq, T)> : fusion::result_of::push_front<
t ypename boost::add_const <t ypenane boost: :renove_reference<Seq>::type>: :type
typenanme boost::renpve_const <t ypenanme boost::renove_reference<T>: :type>::type
>

{

b

/'l public menber functions
tenpl at e<t ypenane Seq, typenane T>

typename fusion::result_of::push_front< Seq const, T > :type
operator()(Seq const & T const &) const;

Description
A PolymorphicFunctionObject type that invokesthe f usi on: : push_f ront () agorithm on its arguments.
push_front public member functions

L t enpl at e<t ypenane Seq, typenane T>

typenanme fusion::result_of::push_front< Seq const, T >::type
operator()(Seq const & seq, T const & t) const;

Returns: fusion::push_front(seq, t)

Struct template result<This(Seq, T)>

boost::proto::functional::push_front::result<This(Seq, T)>
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Synopsis
/'l 1n header: <boost/proto/functional/fusion/push_front.hpp>

tenpl at e<typenane This, typenane Seq, typenane T>

struct result<This(Seq, T)> : fusion::result_of::push_front<
t ypenanme boost::add_const <t ypenane boost::renove_reference<Seq>::type>: :type
typenane boost::renpve_const <t ypenane boost::renove_reference<T>: :type>: :type

Header <boost/proto/functional/fusion/reverse.hpp>

Includes Proto callable boost : : prot o: : functional : : reverse.

namespace boost {
namespace proto {
namespace functional {
struct reverse

}
}
}

Struct reverse

boost::proto::functional::reverse — A PolymorphicFunctionObject type that invokes the f usi on: : rever se() agorithm on its
argument.

Synopsis
/1 I'n header: <boost/proto/functional/fusion/reverse. hpp>

struct reverse : proto::callable {
/1 menmber cl asses/structs/unions
t enpl at e<t ypenanme Thi s, typenanme Seq>

struct result<This(Seq)> : result< This(Seq const & > {

b

t enpl at e<t ypenanme Thi s, typenanme Seq>

struct result<This(Seq & > : fusion::result_of::reverse< Seq > {
b

/'l public menber functions
t enpl at e<t ypenane Seq>

typenanme fusion::result_of::reverse< Seq >::type operator()(Seq & const;
t enpl at e<t ypenane Seq>

typenanme fusion::result_of::reverse< Seq const >::type

operator()(Seq const &) const;

Description

A PolymorphicFunctionObject type that invokesthef usi on: : rever se() agorithm on itsargument. Thisisuseful for defining a
CallableTransform liker ever se(_) , which reverses the order of the children of a Proto expression node.
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rever se public member functions

t enpl at e<t ypenane Seq>
typenanme fusion::result_of::reverse< Seq >::type operator()(Seq & seq) const;

Returns: fusion::reverse(seq)

t enpl at e<t ypenane Seq>
typenane fusion::result_of::reverse< Seq const >::type
operator()(Seq const & seq) const;

Returns: fusion::reverse(seq)

Struct template result<This(Seq)>

boost::proto::functional::reverse::result<This(Seq)>
Synopsis
/'l 1In header: <boost/proto/functional/fusion/reverse. hpp>

tenpl at e<typenane This, typenane Seq>
struct result<This(Seq)> : result< This(Seq const & > {

}

Struct template result<This(Seq &)>

boost::proto::functional::reverse::result<This(Seq & )>
Synopsis
/'l 1n header: <boost/proto/functional/fusion/reverse. hpp>

t enpl at e<t ypenane Thi s, typenane Seq>
struct result<This(Seq & > : fusion::result_of::reverse< Seq > {

I

Header <boost/proto/functional/range/begin.hpp>

Includes Proto callable boost : : prot o: : functi onal : : begi n.

namespace boost {
namespace proto {
namespace functional {
struct begin;
}
}
}
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Struct begin

boost::proto::functional::begin — A PolymorphicFunctionObject type that invokes the boost : : begi n() accessor function on its
arguments.

Synopsis
/'l I'n header: <boost/proto/functional/range/begin. hpp>

struct begin : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_iterator<
typenane boost::renove_ref erence<Range>: :type
>

{
b
/1 public nmenber functions
t enpl at e<t ypenane Range>
typenane boost::range_iterator< Range >::type operator()(Range & const;
t enpl at e<t ypenane Range>

t ypenane boost::range_iterator< Range const >::type
operator()(Range const &) const;

Description
A PolymorphicFunctionObject type that invokes the boost : : begi n() accessor function on its arguments.
begi n public member functions

L t enpl at e<t ypenane Range>

t ypenane boost::range_iterator< Range >::type operator()(Range & rng) const;
Returns: boost : : begi n(rng)

t enpl at e<t ypenane Range>
t ypenane boost::range_iterator< Range const >::type
oper ator () (Range const & rng) const;

Returns: boost : : begi n(rng)

Struct template result<This(Range)>

boost::proto::functional::begin::result<This(Range)>
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Synopsis
/'l I'n header: <boost/proto/functional/range/begin. hpp>

tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_iterator<
typenane boost::renove_ref erence<Range>::type
>

Header <boost/proto/functional/range/empty.hpp>

Includes Proto callable boost : : prot o: : functional : : enpty.

namespace boost {
namespace proto {
namespace functional {
struct enpty;

}
}
}

Struct empty

boost::proto::functional ::empty — A PolymorphicFunctionObject typethat invokestheboost : : enpt y() function onitsarguments.
Synopsis
/'l 1In header: <boost/proto/functional/range/enpty. hpp>

struct enpty : proto::callable {
/'l types
t ypedef bool result_type;

/'l public menber functions
t enpl at e<t ypenane Range> bool operator()(Range const &) const;

Description
A PolymorphicFunctionObject type that invokes the boost : : enpt y() function on its arguments.

enpty public member functions
t enpl at e<t ypenane Range> bool operator()(Range const & rng) const;
Returns: boost : : enpt y(r ng)

Header <boost/proto/functional/range/end.hpp>

Includes Proto callable boost : : prot o: : functi onal : : end.
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nanespace boost {
nanespace proto {
namespace functional {
struct end;
}
}
}

Struct end

boost::proto::functiona ::end — A PolymorphicFunctionObject typethat invokestheboost : : end() accessor function onitsarguments.
Synopsis
/'l I'n header: <boost/proto/functional/range/end. hpp>

struct end : proto::callable {
/'l menber cl asses/structs/unions
tenpl at e<t ypenane This, typenane Range>
struct result<This(Range)> : boost::range_iterator<
t ypenanme boost::renove_ref erence<Range>: :type
>

{
b
/1 public menber functions
t enpl at e<t ypenane Range>
typename boost::range_iterator< Range >::type operator()(Range & const;
t enpl at e<t ypenane Range>

t ypenane boost::range_iterator< Range const >::type
operator()(Range const &) const;

Description
A PolymorphicFunctionObject type that invokes the boost : : end() accessor function on its arguments.

end public member functions

t enpl at e<t ypenane Range>
typenane boost::range_iterator< Range >::type operator()(Range & rng) const;

Returns: boost : : end(r ng)

t enpl at e<t ypenane Range>
t ypename boost::range_iterator< Range const >::type
operator()(Range const & rng) const;

Returns: boost : : end(r ng)

Struct template result<This(Range)>

boost::proto::functional::end::result<This(Range)>
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Synopsis
/'l 1n header: <boost/proto/functional/range/end. hpp>

tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_iterator<
typenane boost::renove_ref erence<Range>::type
>

Header <boost/proto/functional/range/rbegin.hpp>

Includes Proto callable boost : : prot o: : functional : : rbegin

namespace boost {
namespace proto {
namespace functional {
struct rbegin
}
}
}

Struct rbegin

boost::proto::functional::rbegin — A PolymorphicFunctionObject type that invokes the boost : : r begi n() accessor function on
its arguments.

Synopsis
/'l In header: <boost/proto/functional/range/rbegin. hpp>

struct rbegin : proto::callable {
/1 menmber cl asses/structs/unions
tenpl at e<t ypenane This, typenane Range>
struct result<This(Range)> : boost::range_reverse_iterator<
t ypenanme boost::renove_ref erence<Range>: :type
>

{
}

/'l public menber functions

t enpl at e<t ypenane Range>
typenanme boost::range_reverse_iterator< Range >::type
operator()(Range & const

t enpl at e<t ypenane Range>
typename boost::range_reverse_iterator< Range const >::type
operator () (Range const &) const

Description

A PolymorphicFunctionObject type that invokes the boost : : r begi n() accessor function on its arguments.
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r begi n public member functions

t enpl at e<t ypenanme Range>
t ypename boost::range_reverse_iterator< Range >::type
operator()(Range & rng) const;

Returns: boost : : rbegi n(rng)

t enpl at e<t ypenane Range>
typenanme boost::range_reverse_iterator< Range const >::type
operator()(Range const & rng) const;

Returns: boost : : rbegi n(rng)

Struct template result<This(Range)>

boost::proto::functional::rbegin::result<This(Range)>
Synopsis
/1 I'n header: <boost/proto/functional/range/rbegin. hpp>

tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_reverse_iterator<
typenanme boost::renove_ref erence<Range>: :type
>

Header <boost/proto/functional/range/rend.hpp>

Includes Proto callable boost : : prot o: : functional :: rend.

namespace boost {
namespace proto {
namespace functional {
struct rend;
}
}
}

Struct rend

boost::proto::functional::rend — A PolymorphicFunctionObject type that invokes the boost : : r end() accessor function on its ar-
guments.

183

render
httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/doc/html/../../../../boost/proto/functional/range/rend.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Proto

Synopsis
/'l 1n header: <boost/proto/functional/range/rend. hpp>

struct rend : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_reverse_iterator<
typenane boost::renove_ref erence<Range>::type
>

{
I

/1 public nmenber functions

t enpl at e<t ypenanme Range>
typename boost::range_reverse_iterator< Range >::type
operator()(Range & const

t enpl at e<t ypenanme Range>
typenanme boost::range_reverse_iterator< Range const >::type
operator()(Range const &) const

Description
A PolymorphicFunctionObject type that invokes the boost : : rend() accessor function on its arguments.

rend public member functions

L t enpl at e<t ypenane Range>
typenanme boost::range_reverse_iterator< Range >::type
operator()(Range & rng) const;
Returns: boost : : rend(rng)
t enpl at e<t ypenane Range>
typenane boost::range_reverse_iterator< Range const >::type
operator () (Range const & rng) const;
Returns: boost : : rend(rng)

Struct template result<This(Range)>

boost::proto::functional::rend::result<This(Range)>
Synopsis
/'l I'n header: <boost/proto/functional/range/rend. hpp>

tenpl at e<typenane This, typenane Range>
struct result<This(Range)> : boost::range_reverse_iterator<
t ypenane boost::renove_ref erence<Range>: :type
>
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Header <boost/proto/functional/range/size.hpp>

Includes Proto callable boost : : prot o: : functional : : si ze.

namespace boost {
namespace proto {
namespace functional {
struct size

}
}
}

Struct size

boost::proto::functional::size— A PolymorphicFunctionObject type that invokesthe boost : : si ze() function on its arguments.
Synopsis
/'l In header: <boost/proto/functional/range/size.hpp>

struct size : proto::callable {
/'l menber classes/structs/unions
tenpl at e<t ypenane This, typenane Range>
struct result<This(Range)> : boost::range_size<
typenanme boost::renove_ref erence<Range>: :type
>

{

b

/1 public nmenber functions
t enpl at e<t ypenane Range>

typenane boost::range_si ze< Range const >::type
operator()(Range const &) const;

Description
A PolymorphicFunctionObject type that invokes the boost : : si ze() function on its arguments.

si ze public member functions

t enpl at e<t ypenane Range>
typenanme boost::range_si ze< Range const >::type
operator () (Range const & rng) const;

Returns: boost : : si ze(rng)

Struct template result<This(Range)>

boost::proto::functional::size::result<This(Range)>
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Synopsis
/'l 1n header: <boost/proto/functional/range/size. hpp>

t enpl at e<t ypename Thi s, typenane Range>
struct result<Thi s(Range) >
boost: :range_si ze<
typenane boost::renove_ref erence<Range>::type
>

Header <boost/proto/functional/std.hpp>

Includes al the functional extensionsto Proto for the standard library.

Header <boost/proto/functional/std/iterator.npp>

Includes Proto callables for the functions found in the standard <i t er at or > header.

nanespace boost {
nanespace proto {
nanmespace functional {
struct advance;
struct distance
struct next;
struct prior;

Struct advance

boost::proto::functional::advance— A PolymorphicFunctionObject typethat invokesthest d: : advance() function onitsarguments.
Synopsis
/1 I'n header: <boost/proto/functional/std/iterator.hpp>

struct advance : proto::callable {
/'l types
typedef void result_type

/1 public menber functions

tenpl at e<t ypenane I nputlterator> tenpl ate<typenane Di stance>
void operator()(lnputlterator & Distance) const;

Description

A PolymorphicFunctionObject type that invokesthe st d: : advance() function on its arguments.
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advance public member functions

t enpl at e<t ypenanme I nputlterator> tenpl ate<typenane Di stance>
voi d operator()(lnputlterator & x, Distance n) const;

Cdllsstd: : advance(x, n)

Struct distance

boost::proto::functional::distance— A PolymorphicFunctionObject typethat invokesthest d: : di st ance() function onitsarguments.

Synopsis

/'l In header: <boost/proto/functional/std/iterator.hpp>

struct distance : proto::callable {
/1 menber cl asses/structs/unions
t enpl at e<t ypenanme Thi s, typenanme Inputlterator>
struct result<This(lnputlterator, Inputlterator)> {

/'l types
typedef typenane std::iterator_traits<
typenane boost::renpbve_const<
t ypenanme boost::renove_reference<lnputlterator>::type

> itype
>::difference_type type
b

/'l public menber functions
t enpl at e<t ypenane | nputlterator>
voi d operator()(lnputlterator, Inputlterator) const

Description

A PolymorphicFunctionObject type that invokesthe st d: : di st ance() function on its arguments.

di st ance public member functions

t enpl at e<t ypenane | nputlterator>
void operator()(lnputlterator first, Inputlterator last) const;

Returns: std::distance(first, last)

Struct template result<This(Inputlterator, Inputlterator)>

boost::proto::functional::distance::result<This(I nputl terator, Inputlterator)>
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Synopsis
/'l 1In header: <boost/proto/functional/std/iterator.hpp>

tenpl at e<typenane This, typenane |Inputlterator>
struct result<This(lnputlterator, Inputlterator)> {
/'l types
typedef typenane std::iterator_traits<
typenane boost::renpbve_const<
typenanme boost::renove_reference<lnputlterator>::type
> type
>::.difference_type type

Struct next

boost::proto::functional::next — A PolymorphicFunctionObject type that invokesthe st d: : next () function on its arguments.
Synopsis
/'l In header: <boost/proto/functional/std/iterator.hpp>

struct next : proto::callable {
/1 menber cl asses/structs/unions
t enpl at e<t ypenane Thi s, typenane Forwardlterator>
struct result<This(Forwardlterator)> {
/'l types
t ypedef typenane boost::renbve_const <
t ypenane boost::renove_reference<Forwardlterator>::type
> 1type type;
b
t enpl at e<t ypenane This, typenane Forwardlterator, typenane Di stance>
struct result<This(Forwardlterator, Distance)> {
/'l types
t ypedef typenane boost::renbve_const <
t ypenane boost::renove_reference<Forwardlterator>::type
> 1type type;
b
/'l public menber functions
t enpl at e<t ypenane Forwardlterator> void operator()(Forwardlterator) const
t enpl at e<t ypenane Forwardlterator>

voi d operator () (Forwardlterator
typenane std::iterator_traits<Forwardlterator>::difference_type) const;

Description
A PolymorphicFunctionObject type that invokesthe st d: : next () function on its arguments.

next public member functions

L t enpl at e<t ypenane Forwardlterator> void operator()(Forwardlterator x) const

Returns: st d: : next (x)
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t enpl at e<t ypenane Forwardlterator>
voi d operator()(Forwardlterator x
typenane std::iterator_traits<Forwardlterator>::difference_type n) const;

Returns: std::next(x, n)

Struct template result<This(Forwardlterator)>

boost::proto::functional::next::result<This(Forwardl terator)>
Synopsis
/'l In header: <boost/proto/functional/std/iterator.hpp>

tenpl at e<typenane This, typenane Forwardlterator>
struct result<This(Forwardlterator)> {
/'l types
t ypedef typenane boost::renpve_const<
t ypenanme boost::renove_reference<Forwardlterator>::type

> type type;

Struct template result<This(Forwardlterator, Distance)>

boost::proto::functional::next::result<This(Forwardlterator, Distance)>
Synopsis
/'l I'n header: <boost/proto/functional/std/iterator. hpp>

tenpl at e<typenane This, typenane Forwardlterator, typenane Di stance>
struct result<This(Forwardlterator, Distance)> {
/'l types
t ypedef typenane boost::renbve_const<
typenane boost::renove_reference<Forwardlterator>::type

> type type;

Struct prior

boost::proto::functional::prior — A PolymorphicFunctionObject type that invokesthe st d: : pri or () function on its arguments.
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Synopsis
/'l 1In header: <boost/proto/functional/std/iterator.hpp>

struct prior : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Bidirectionallterator>
struct result<This(Bidirectionallterator)> {
/'l types
t ypedef typenane boost::renbve_const<
t ypenanme boost::renove_reference<Bidirectionallterator>::type
> type type
b
tenpl at e<typenane This, typenane Bidirectionallterator, typenane Di stance>
struct result<This(Bidirectionallterator, D stance)> {
/'l types
t ypedef typenane boost::renbve_const<
t ypenanme boost::renove_reference<Bidirectionallterator>::type
> type type
b
/1 public nmenber functions
t enpl at e<t ypenane Bidirectionallterator>
voi d operator()(Bidirectionallterator) const;
t enpl at e<t ypenane Bidirectionallterator>

voi d operator()(Bidirectionallterator
typenane std::iterator_traits<Bidirectional lterator>::difference_type) const;

Description
A PolymorphicFunctionObject type that invokesthe st d: : pri or () function on its arguments.
prior public member functions

L tenpl at e<t ypenane Bidirectionallterator>

voi d operator()(Bidirectionallterator x) const;
Returns: std::prior(x)

t enpl at e<t ypenane Bidirectionallterator>
voi d operator()(Bidirectionallterator x
typenane std::iterator_traits<Bidirectionallterator>: :difference_type n)
const ;

Returns: std::prior(x, n)

Struct template result<This(Bidirectionallterator)>

boost::proto::functional::prior::result<This(Bidirectional I terator)>
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Synopsis
/'l 1In header: <boost/proto/functional/std/iterator.hpp>

tenpl at e<typenane This, typenane Bidirectionallterator>
struct result<This(Bidirectionallterator)> {
/'l types
t ypedef typenane boost::renbve_const<
t ypenanme boost::renove_reference<Bidirectionallterator>::type

> type type;

Struct template result<This(Bidirectionallterator, Distance)>

boost::proto::functional::prior::result<This(Bidirectional I terator, Distance)>
Synopsis
/'l 1n header: <boost/proto/functional/std/iterator.hpp>

t enpl at e<t ypenanme This, typenane Bidirectionallterator, typenane D stance>
struct result<This(Bidirectionallterator, D stance)> {
/'l types
t ypedef typenane boost::renbve_const <
typenane boost::renpve_reference<Bidirectionallterator>::type

> 1type type;

Header <boost/proto/functional/std/utility.hpp>

Defines Proto calables boost::proto::functional::nmake pair, boost::proto::functional
boost: : proto::functional::second.

namespace boost {
nanmespace proto {
namespace functional {
struct make_pair;
struct first;
struct second;
}
}
}

Struct make_pair

cofirst

and

boost::proto::functional::make_pair — A PolymorphicFunctionObject type that invokes st d: : make_pai r () onitsarguments.
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Synopsis
/'l In header: <boost/proto/functional/std/utility.hpp>

struct make_pair : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane First, typenane Second>
struct result<This(First, Second)> {
/'l types
typedef std::pair<
t ypenanme boost::renove_const <typenane boost::renove_reference<First>::type>::type
t ypenane boost::renpve_const <t ypenane boost::renove_reference<Second>::type>::type
> type;
b
/1 public nmenber functions
tenpl at e<typenane First, typenanme Second>

typenanme std::pair< First, Second >
operator()(First const & Second const &) const

Description
A PolymorphicFunctionObject type that invokes st d: : make_pai r () onitsarguments.
nmake_pai r public member functions

L tenpl at e<typenane First, typenanme Second>

typenanme std::pair< First, Second >
operator()(First const & first, Second const & second) const;

Returns: std:: nake_pair(first, second)

Struct template result<This(First, Second)>

boost::proto::functional::make_pair::result<This(First, Second)>
Synopsis
/'l 1In header: <boost/proto/functional/std/utility.hpp>

t enpl at e<typenanme Thi s, typenanme First, typenane Second>
struct result<This(First, Second)> {
/'l types
typedef std::pair<
t ypenanme boost::renpve_const <t ypenamnme boost::renove_reference<First>: :type>: :type
, typenane boost: :renpve_const<typenane boost::renove_reference<Second>::type>::type

> type;

Struct first

boost::proto::functional::first — A PolymorphicFunctionObject type that returns the first element of ast d: : pai r <>.
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Synopsis
/'l In header: <boost/proto/functional/std/utility.hpp>

struct first : proto::callable {
/1 nmenber cl asses/structs/unions
t enpl at e<typenane This, typenane Pair>
struct result<This(Pair)> {
/'l types
typedef typenanme Pair::first_type type;
}
tenpl at e<typenane This, typenane Pair>
struct result<This(Pair & > {
/'l types
typedef typenane Pair::first_type & type;
}
t enpl at e<typenane This, typenane Pair>
struct result<This(Pair const & > {
/'l types
typedef typenane Pair::first_type const & type;

b

/1 public nmenber functions
tenpl at e<t ypenane Pair> typenane Pair::first_type & operator()(Pair &) const;
t enpl at e<t ypenane Pair>

typenanme Pair::first_type const & operator()(Pair const & const;

Description
A PolymorphicFunctionObject type that returns the first element of ast d: : pai r <>.
first public member functions

L t enpl at e<t ypenane Pair>

typenanme Pair::first_type & operator()(Pair & pair) const;
Returns: pair.first

t enpl at e<t ypenane Pair>
typenanme Pair::first_type const & operator()(Pair const & pair) const;

Returns: pair.first

Struct template result<This(Pair)>

boost::proto::functional::first::result<This(Pair)>
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Synopsis
/'l In header: <boost/proto/functional/std/utility.hpp>

tenpl at e<typenane This, typenane Pair>
struct result<This(Pair)> {

/'l types

typedef typenane Pair::first_type type
b

Struct template result<This(Pair &)>

boost::proto::functional::first::result<This(Pair & )>
Synopsis
/'l I'n header: <boost/proto/functional/std/utility.hpp>

t enpl at e<t ypenane Thi s, typenane Pair>
struct result<This(Pair & > {

/'l types

typedef typenane Pair::first_type & type
b

Struct template result<This(Pair const &)>

boost::proto::functional::first::result<This(Pair const & )>
Synopsis
/'l I'n header: <boost/proto/functional/std/utility.hpp>

t enpl at e<t ypenane This, typenane Pair>

struct result<This(Pair const &) > {

/'l types

typedef typenanme Pair::first_type const & type

i

Struct second

boost::proto::functional::second — A PolymorphicFunctionObject type that returns the second element of ast d

Dlpair<>
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Synopsis
/'l In header: <boost/proto/functional/std/utility.hpp>

struct second : proto::callable {
/1 nmenber cl asses/structs/unions
t enpl at e<typenane This, typenane Pair>
struct result<This(Pair)> {
/'l types
t ypedef typenane Pair::second_type type;
b
tenpl at e<typenane This, typenane Pair>
struct result<This(Pair & > {
/'l types
typedef typenane Pair::second_type & type;
b
t enpl at e<typenane This, typenane Pair>
struct result<This(Pair const & > {
/'l types
typedef typenane Pair::second_type const & type;

e

/1 public nmenber functions
t enpl at e<t ypenane Pair>
typenane Pair::second_type & operator()(Pair & const;
t enpl at e<t ypenane Pair>
typenane Pair::second_type const & operator()(Pair const &) const;

Description
A PolymorphicFunctionObject type that returns the second element of ast d: : pai r <>.
second public member functions

L t enpl at e<t ypenane Pair>

typenanme Pair::second_type & operator()(Pair & pair) const;
Returns: pair. second

t enpl at e<t ypenane Pair>
typenanme Pair::second_type const & operator()(Pair const & pair) const;

Returns: pair. second

Struct template result<This(Pair)>

boost::proto::functional::second::result<This(Pair)>
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Synopsis
/'l In header: <boost/proto/functional/std/utility.hpp>

tenpl at e<typenane This, typenane Pair>
struct result<This(Pair)> {

/'l types

typedef typenane Pair::second_type type
b

Struct template result<This(Pair &)>

boost::proto::functional::second::result<This(Pair & )>
Synopsis
/'l I'n header: <boost/proto/functional/std/utility.hpp>

t enpl at e<t ypenane Thi s, typenane Pair>
struct result<This(Pair & > {

/'l types

typedef typenane Pair::second_type & type
b

Struct template result<This(Pair const &)>

boost::proto::functional::second::result<This(Pair const & )>
Synopsis
/'l I'n header: <boost/proto/functional/std/utility.hpp>

t enpl at e<t ypenane This, typenane Pair>

struct result<This(Pair const &) > {

/'l types

typedef typenane Pair::second_type const & type

i

Header <boost/proto/fusion.hpp>

Make any Proto expression avalid Fusion sequence
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nanespace boost {
nanespace proto {
t enpl at e<t ypenane Expr>
typenanme proto::result_of::flatten< Expr >::type const flatten(Expr &);
t enpl at e<t ypenane Expr>
typenane proto::result_of::flatten< Expr const >::type const
flatten(Expr const &);
namespace functional {
struct flatten;
}
namespace result_of {
tenpl at e<typenane Expr> struct flatten;
}
}
}

Struct flatten

boost::proto::functional::flatten — A PolymaorphicFunctionObject type that returns a "flattened" view of a Proto expression tree.
Synopsis
/1 I'n header: <boost/proto/fusion.hpp>

struct flatten : proto::callable {
/1 menber cl asses/structs/unions
tenpl at e<t ypenane This, typenane Expr>
struct result<This(Expr)> : result< This(Expr const & > {
b
tenpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr &> : proto::result_of::flatten< Expr > {

I

/1 public menber functions

t enpl at e<t ypenane Expr>
typename proto::result_of::flatten< Expr >::type const
operator () (Expr & const;

t enpl at e<t ypenane Expr>
typename proto::result_of::flatten< Expr const >::type const
operator () (Expr const &) const;

Description

A PolymorphicFunctionObject type that returns a"flattened" view of a Proto expression tree. For atree with atop-most node tag of
type T, the elements of the flattened sequence are determined by recursing into each child node with the same tag type and returning
those nodes of different type. So for instance, the Proto expression tree corresponding to the expressiona | b | c¢ hasaflattened
view with elements[a, b, c], even though thetreeisgroupedas((a | b) | c).

The resulting view is a Fusion Forward Sequence.
fl atten public member functions

L t enpl at e<t ypenane Expr>

typenanme proto::result_of::flatten< Expr >::type const
operator () (Expr & expr) const;
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Returns a Fusion Forward Sequence representing a flattened view of expr .

t enpl at e<t ypenanme Expr>
typename proto::result_of::flatten< Expr const >::type const
operator () (Expr const & expr) const;

Returns a Fusion Forward Sequence representing a flattened view of expr .

Struct template result<This(Expr)>

boost::proto::functional::flatten::result<This(Expr)>
Synopsis
/'l 1n header: <boost/proto/fusion.hpp>

t enpl at e<t ypenanme Thi s, typename Expr>
struct result<This(Expr)> : result< This(Expr const & > {
H

Struct template result<This(Expr &)>

boost::proto::functional::flatten::result<This(Expr &)>
Synopsis
/'l 1n header: <boost/proto/fusion.hpp>

t enpl at e<t ypenanme Thi s, typenanme Expr>
struct result<This(Expr & > : proto::result_of::flatten< Expr > {

I

Struct template flatten

boost::proto::result_of::flatten — Metafunction that computes the returntype of proto:: flatten()
Synopsis

/'l 1n header: <boost/proto/fusion.hpp>

t enpl at e<t ypenane Expr >

struct flatten {

/'l types

typedef unspecified type; // A Fusion Forward Sequence

i

Function flatten

boost::proto::flatten — A function that returns a "flattened" view of a Proto expression tree.
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Synopsis
/1 I'n header: <boost/proto/fusion.hpp>

t enpl at e<t ypenane Expr>

typenanme proto::result_of::flatten< Expr >::type const flatten(Expr & expr);
t enpl at e<t ypenane Expr>

typenanme proto::result_of::flatten< Expr const >::type const

flatten(Expr const & expr);

Description

For a tree with a top-most node tag of type T, the elements of the flattened sequence are determined by recursing into each child
node with the same tag type and returning those nodes of different type. So for instance, the Proto expression tree corresponding to
theexpressiona | b | c hasaflattened view with elements[a, b, c], even though the treeisgroupedas((a | b) | c).

Thereturned view is a Fusion Forward Sequence.

Header <boost/proto/generate.hpp>

Contains definition of prot o: : def aul t _gener at or, prot o: : gener at or <>, prot o: : pod_gener at or <> and other utilities
that users can use to post-process new expression objects that Proto creates.

namespace boost {
namespace proto {
struct default_generator;
struct basic_defaul t _generator;
tenpl at e<t enpl at e< typenane > cl ass Extends> struct generator;
tenpl at e<t enpl at e< typenane > cl ass Extends> struct pod_generator;
struct by_val ue_generator;
tenpl at e<t ypenane First, typenanme Second> struct conpose_generators;
tenpl at e<t ypenane Cenerator> struct use_basi c_expr;
t enpl at e<t ypenane Cenerator> struct wants_basi c_expr;

Struct default_generator

boost::proto::default_generator — A simple generator that passes an expression through unchanged.
Synopsis
/1 I'n header: <boost/proto/generate. hpp>

struct default_generator : proto::callable {
/'l menber classes/structs/unions
t enpl at e<t ypename Thi s, typenanme Expr>
struct result<This(Expr)> {

/'l types

typedef Expr type;

i

/'l public menber functions
t enpl at e<t ypename Expr> Expr operator()(Expr const &) const;
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Description

Generators are intended for use as the first template parameter to the pr ot o: : domai n<> class template and control if and how ex-
pressions within that domain are to be customized. The pr ot o: : def aul t _gener at or makes no modifications to the expressions
passed to it.

def aul t _gener at or public member functions

L t enpl at e<t ypenane Expr> Expr operator()(Expr const & expr) const;
Parameters: expr A Proto expression
Returns: expr

Struct template result<This(Expr)>

boost::proto::default_generator::result<This(Expr)>
Synopsis
/1 I'n header: <boost/proto/generate. hpp>

t enpl at e<typenane This, typenane Expr>
struct result<This(Expr)> {

/'l types

typedef Expr type

s

Struct basic_default_generator

boost::proto::basic_default_generator — A simple generator that passes an expression through unchanged while stating a preference
for proto::basic_expr<> over proto::expr<>.

Synopsis
/1 I'n header: <boost/proto/generate. hpp>

struct basic_defaul t_generator
proto::use_basic_expr< proto::default_generator >

{
I

Struct template generator

boost::proto::generator — A generator that wraps expressions passed to it in the specified extension wrapper.
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Synopsis

/'l I n header: <boost/proto/generate. hpp>

t enpl at e<t enpl at e< typenane > cl ass Extends>
struct generator {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> {
/'l types
typedef Extends< Expr > type;
b

/1 public nmenber functions
t enpl at e<t ypenane Expr> Extends< Expr > operator()(Expr const &) const;

Description

Generators are intended for use as the first template parameter to the pr ot o: : domai n<> class template and control if and how ex-
pressions within that domain are to be customized. pr ot o: : gener at or <> wraps each expression passed to it in the Ext ends<>

wrapper.

gener at or public member functions

t enpl at e<t ypenane Expr> Extends< Expr > operator()(Expr const & expr) const;

Parameters: expr A Proto expression
Returns: Ext ends<Expr >( expr)

Struct template result<This(Expr)>

boost::proto::generator::result<This(Expr)>
Synopsis
/'l In header: <boost/proto/generate.hpp>

t enpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr)> {

/'l types

typedef Extends< Expr > type;

};

Struct template pod_generator

boost::proto::pod_generator — A generator that wraps expressions passed to it in the specified extension wrapper and uses aggregate
initialization for the wrapper.
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Synopsis

/'l I n header: <boost/proto/generate. hpp>

t enpl at e<t enpl at e< typenane > cl ass Extends>
struct pod_generator : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> {
/'l types
typedef Extends< Expr > type;
b

/1 public nmenber functions
t enpl at e<t ypenane Expr> Extends< Expr > operator()(Expr const &) const;

Description

Generators are intended for use as the first template parameter to the pr ot o: : domai n<> class template and control if and how ex-
pressionswithin that domain areto be customized. pr ot o: : pod_gener at or <> wraps each expression passed toitinthe Ext ends<>
wrapper, and uses aggregate initial zation for the wrapped object.

pod_gener at or public member functions

t enpl at e<t ypenane Expr> Extends< Expr > operator()(Expr const & expr) const;

Parameters: expr A Proto expression
Returns: Ext ends<Expr> that = {expr}; return that;

Struct template result<This(Expr)>

boost::proto::pod_generator::result<This(Expr)>
Synopsis
/'l In header: <boost/proto/generate.hpp>

t enpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr)> {

/'l types

typedef Extends< Expr > type;

};

Struct by value_generator

boost::proto::by value generator — A generator that replaces child nodes held by reference with ones held by value. Use with
prot o: : conpose_gener at or s<> to forward that result to another generator.
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Synopsis
/'l I n header: <boost/proto/generate. hpp>

struct by_value_generator : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> {

/'l types

t ypedef unspecified type;

b

/1 public nmenber functions
t enpl at e<t ypenane Expr> unspecified operator()(Expr const & const;

Description

Generators are intended for use as the first template parameter to the pr ot o: : domai n<> class template and control if and how ex-
pressions within that domain are to be customized. pr ot o: : by_val ue_gener at or ensuresall child nodes are held by value. This
generator is typically composed with a second generator for further processing, as proto::conpose_generat -
ors<proto::by_val ue_generator, MyGenerator>.

by _val ue_gener at or public member functions

L t enpl at e<t ypenane Expr> unspecified operator()(Expr const & expr) const;
Parameters: expr A Proto expression.
Returns: Equivalent to pr ot o: : deep_copy( expr)

Struct template result<This(Expr)>

boost::proto::by value generator::result<This(Expr)>
Synopsis
/'l In header: <boost/proto/generate. hpp>

t enpl at e<t ypenane This, typenane Expr>
struct result<This(Expr)> {

/'l types

typedef unspecified type;

i

Struct template compose_generators

boost::proto::compose_generators — A composite generator that first applies one transform to an expression and then forwards the
result on to another generator for further transformation.
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Synopsis

/'l I n header: <boost/proto/generate. hpp>

tenpl at e<typenane First, typenanme Second>
struct conpose_generators : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> :
boost: :result_of <
Second(typenane boost::result_of <First(Expr)>::type)
>
{
b

/1 public nmenber functions
t enpl at e<t ypenane Expr>
typenanme boost::result_of<
Second(typenane boost::result_of <First(Expr)>::type)
> type
operator()(Expr const & const;

Description

Generators are intended for use as the first template parameter to the pr ot o: : domai n<> class template and control if and how ex-
pressions within that domain are to be customized. pr ot o: : conpose_gener at or s<> is a composite generator that first applies
one transform to an expression and then forwards the result on to another generator for further transformation.

conpose_gener at or s public member functions

t enpl at e<t ypenane Expr>
typenanme boost::result_of<
Second(typenane boost::result_of <First(Expr)>::type)
> type
operator () (Expr const & expr) const;

Parameters: expr A Proto expression.
Returns: Second() (First()(expr))

Struct template result<This(Expr)>

boost::proto::compose_generators::result<This(Expr)>
Synopsis
/'l 1In header: <boost/proto/generate.hpp>

t enpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr)> :
boost: :result_of <
Second(typenane boost::result_of <First(Expr)>::type)
>

204

render

httpo://www.renderx.com/


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

Boost.Proto

Struct template use_basic_expr
boost::proto::use_basic_expr

Synopsis

/1 I'n header: <boost/proto/generate. hpp>

t enpl at e<t ypename Gener at or >

struct use_basic_expr : GCenerator {
b
Description

Annotate agenerator toindicatethat it would prefer to be passed instancesof pr ot o: : basi c_expr <> rather thanpr ot o: : expr <>.

use_basi c_expr< Generator > isitself agenerator.
Struct template wants_basic_expr
boost::proto::wants basic_expr

Synopsis

/1 I'n header: <boost/proto/generate. hpp>

t enpl at e<t ypenanme Gener at or >

struct wants_basic_expr : npl::bool_< true-or-false > {
s
Description

A Boolean metafunction that tests a generator to see whether it would prefer to be passed instances of pr ot o: : basi ¢c_expr <>
rather than pr ot o: : expr <>.

Header <boost/proto/literal.hpp>

Theproto::literal <>termina wrapper, and theproto: : it () functionfor creating proto: : it eral <> wrappers.

nanespace boost {
nanespace proto {
tenpl at e<typenane T, typenanme Domain = proto::default_donmain>
struct literal;
tenpl ate<typenane T> proto::literal< T & > const |it(T &;
tenpl ate<typenane T> proto::literal< T const & > const |it(T const &);
}
}

Struct template literal

boost::proto::literal — A simple wrapper for aterminal, provided for ease of use.
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Synopsis

/1 In header: <boost/proto/literal.hpp>

tenpl at e<typenane T, typename Domain = proto::default_donain>
struct literal

proto:: extends<proto::basic_expr<proto::tag::terminal, proto::ternx T > > proto::literal <T, Dol
mai n>, Domai n>
{

/'l types

typedef proto::basic_expr<proto::tag::termnal, proto::termc T > > X; /1 For O
exposition only

typedef typenanme proto::result_of::val ue<X>::type val ue_type;

typedef typenanme proto::result_of::value<X &::type ref erence;

typedef typenanme proto::result_of::value<X const & :type const _reference;

/'l construct/copy/ destruct

literal ();

tenpl ate<typenane U> literal (U &) ;

tenpl ate<typenane U> literal (U const &);

tenpl ate<typenane U> literal (proto::literal< U Domain > const &);
/1 public nmenber functions

reference get();

const _reference get() const;

}

Description

A simple wrapper for a terminal, provided for ease of use. In all cases, proto::literal <X> |(x); is equivaent to
proto::termnal <X>::type | = {x};.

The Domai n template parameter defaultsto pr ot o: : def aul t _donai n.

l'iteral public construct/copy/destruct

literal ();

2. tenpl ate<typenane U> literal (U & u);

3. tenpl at e<typenane U> literal (U const & u);

tenpl ate<typenane U> literal (proto::literal < U Dormain > const & u);

literal public member functions
reference get();
Returns: proto::val ue(*this)

const _reference get() const;
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Returns: proto::val ue(*this)

Function lit

boost::proto::lit — A helper function for creatinga proto:: literal <>wrapper.
Synopsis
/1 I'n header: <boost/proto/literal.hpp>

tenpl ate<typenane T> proto::literal< T & > const 1it(T & t);

tenpl ate<typenane T> proto::literal< T const & > const lit(T const & t);
Description
Parameters: t  Theobject to wrap.
Returns: proto::literal <T &>(t)
Throws: Will not throw.
Notes: The returned value holds the argument by reference.

Header <boost/proto/make_expr.hpp>

Definition of thepr ot o: : rake_expr () andproto: : unpack_expr () utilitiesfor building Proto expression nodes from child
nodes or from a Fusion sequence of child nodes, respectively.
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nanespace boost {
nanespace proto {
tenpl at e<t ypenane Tag, typenane... A>
typenane proto::result_of::mke_expr<Tag, A const...> :type const
nmake_expr (A const & ..)
tenpl at e<typenane Tag, typenane Domain, typenane... A>
typenane proto::result_of::mke_expr<Tag, Donain, A const...>::type const
nmake_expr (A const & ..)
t enpl at e<t ypenane Tag, typenane Sequence>
typenane proto::result_of::unpack_expr<Tag, Sequence const>::type const
unpack_expr ( Sequence const &)
t enpl at e<t ypenane Tag, typenane Donmin, typenane Sequence>
typenane proto::result_of::unpack_expr<Tag, Domain, Sequence const>::type const
unpack_expr ( Sequence const &)
namespace functional {
tenpl at e<t ypenane Tag, typenane Donain = proto::deduce_donai n>
struct make_expr;
tenpl at e<typenane Tag, typenane Donain = proto::deduce_donai n>
struct unpack_expr;

}

nanmespace result_of {
tenpl at e<typenane Tag, typenane... A> struct make_expr
tenpl at e<typenane Tag, typenane Domain, typenane... A>

struct make_expr<Tag, Dommin, A ..>

tenpl at e<typenane Tag, typenane Sequence, typenane Void = void>
struct unpack_expr;

t enpl at e<t ypenane Tag, typenane Donmin, typenane Sequence>
struct unpack_expr<Tag, Domain, Sequence>

Struct template make_expr

boost::proto::functional::make_expr — A PolymorphicFunctionObject equivalent to the pr ot o: : make_expr () function.
Synopsis

/'l I'n header: <boost/proto/ make_expr. hpp>

tenpl at e<t ypenane Tag, typenanme Domain = proto::deduce_donai n>

struct make_expr : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane... A>
struct result<This(A ..)>
proto::result_of::mke_expr< Tag, Domain, A .. > {
b
/'l public menmber functions
tenpl at e<typenane. .. A>
typename proto::result_of::mke_expr< Tag, Domain, A const... >::type const

operator() (A const & ..) const;

b
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Description

In all cases, proto:: functional :: make_expr<Tag, Domai n>()(a...) isequivalent to proto:: make_expr<Tag, Do-
mai n>(a...).

proto::functional:: nmake_expr<Tag>() (a...) isequivalenttoprot o: : make_expr<Tag>(a...).

make_expr public member functions

t enpl at e<typenane. .. A>
typename proto::result_of::mke_expr< Tag, Domain, A const... >::type const
operator()(A const & .. a) const;

Construct an expression node with tag type Tag and in the domain Domai n.

Returns: proto:: nmake_expr<Tag, Domai n>(a...)

Struct template result<This(A...)>
boost::proto::functional::make_expr::result<This(A...)>

Synopsis

/'l I'n header: <boost/proto/ make_expr. hpp>

tenpl at e<typenane This, typenane... A>

struct result<This(A ..)>:
proto::result_of::mke_expr< Tag, Domain, A .. > {

b

Struct template unpack_expr

boost::proto::functional::unpack_expr — A PolymorphicFunctionObject equivalent to the pr ot o: : unpack_expr () function.
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Synopsis

/'l I'n header: <boost/proto/ make_expr. hpp>

t enpl at e<t ypenane Tag, typenane Donain = proto::deduce_donai n>
struct unpack_expr : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Sequence>
struct result<This(Sequence)> :
proto::result_of::unpack_expr<

Tag,
Domai n,
typenane boost::renove_reference< Sequence >::type
>
{
I

/1 public nmenber functions

t enpl at e<t ypenanme Sequence>
typenanme proto::result_of::unpack_expr< Tag, Donmmin, Sequence const >::type const
operator () (Sequence const &) const;

Description

In all cases, proto:: functional ::unpack_expr<Tag, Domai n>() (seq) isequivalent to prot o: : unpack_expr () <Tag,
Domai n>(seq) .

proto:: functional ::unpack_expr<Tag>() (seq) isequivalent to pr ot o: : unpack_expr () <Tag>(seq).

unpack_expr public member functions

t enpl at e<t ypenane Sequence>
typename proto::result_of::unpack_expr< Tag, Domain, Sequence const >::type const
oper ator () (Sequence const & sequence) const;

Construct an expression node with tag type Tag and in the domain Dormai n.
Parameters: sequence A Fusion Forward Sequence
Returns: proto: :unpack_expr<Tag, Domai n>(sequence)

Struct template result<This(Sequence)>

boost::proto::functional::unpack_expr::result<This(Sequence)>
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Synopsis
/'l I'n header: <boost/proto/ make_expr. hpp>

tenpl at e<typenane This, typenane Sequence>
struct result<This(Sequence) >
proto::result_of::unpack_expr<

Tag,
Donai n
typenane boost::renove_reference< Sequence >::type
>
{
I

Struct template make_expr

boost::proto::result_of::make _expr — Metafunction that computes the return type of the pr ot o: : make_expr () function, with a
domain deduced from the domains of the children.

Synopsis

/'l In header: <boost/ proto/ make_expr. hpp>

tenpl at e<t ypenane Tag, typenane... A>
struct make_expr {
/'l types
t ypedef donai n- deduced-from child-types D
typedef typenane proto::result_of::mke_expr<Tag, D, A ..> :type type
b
Description

Computes the return type of the pr ot o: : make_expr () function.

In this specialization, the domain is deduced from the domains of the child types. If prot o: : i s_domai n<Ay>: : val ue istrue,
then another specialization is selected.

nmake_expr public types

1. typedef domai n- deduced- f rom chi | d-t ypes D;
In this specialization, Proto uses the domains of the child expressions to compute the domain of the parent. See pr ot o: : de-
duce_donai n for afull description of the procedure used.

Struct template make_expr<Tag, Domain, A...>

boost::proto::result_of::make_expr<Tag, Domain, A...> — Metafunction that computesthe return type of thepr ot o: : make_expr ()
function, within the specified domain.
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Synopsis

/'l I'n header: <boost/proto/ make_expr. hpp>

tenpl at e<typenane Tag, typenane Domain, typenane... A>
struct make_expr<Tag, Donmain, A ..> {
/'l types
t ypedef see-bel ow type;
b
Description

Computes the return type of the pr ot o: : make_expr () function.
nmake_expr public types
1. typedef see-below type;

Let WRAP<X> be defined such that:

e If XisY & or (possibly cv-qualified) boost : : r ef er ence_wr apper <Y>, then WRAP<X> is equivalent to prot o: : res-
ult_of::as_chil d<Y, Domai n>.

e Otherwise, WRAP<X> isequivalenttoprot o: : resul t _of : : as_expr <X, Domai n>.

If prot o: : want s_basi c_expr <t ypenane Domai n: : pr ot o_gener at or >: : val ue istrue, thenlet Ebepr ot o: : basi c_expr;
otherwise, let E bepr ot o: : expr.

If Tag isproto: :tag: :ternminal,thentype isatypedef for t ypename WRAP<Ay>: : t ype.

Otherwise, t ype isatypedef for boost : : resul t _of <Domai n(E< Tag, proto::listN< typename WRAP<A>::type...>
>) > type

Struct template unpack_expr

boost::proto::result_of::unpack_expr — Metafunction that computesthe return type of thepr ot o: : unpack_expr () function, with
a domain deduced from the domains of the children.

Synopsis

/'l I'n header: <boost/proto/ make_expr. hpp>

tenpl at e<t ypenane Tag, typenane Sequence, typenane Void = void>
struct unpack_expr {
/'l types
t ypedef
typenanme proto::result_of:: mke_expr<
Tag,
typenane fusion::result_of::value_at_c<S, 0>::type,

typenane fusion::result_of::value_at_c<S, N 1> :type
> type
type; [// Wiere Sis a Fusi on RandomAccessSequence equi val ent to Sequence, and Nis the size O
of S.

}
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Description
Compute the return type of the pr ot o: : unpack_expr () function.
Sequence isaFusion Forward Sequence.

In this specialization, the domain is deduced from the domains of the child types. If prot o: : i s_domai n<Sequence>: : val ue is
t r ue, then another specialization is selected.

Struct template unpack_expr<Tag, Domain, Sequence>

boost::proto::result_of::unpack_expr<Tag, Domain, Sequence> — Metafunction that computes the return type of the pr ot o: : un-
pack_expr () function, within the specified domain.

Synopsis

/'l I n header: <boost/proto/ make_expr. hpp>

t enpl at e<t ypenane Tag, typenane Donmin, typenane Sequence>
struct unpack_expr<Tag, Domain, Sequence> {
/'l types
t ypedef
typenane proto::result_of::mke_expr<
Tag,
Domai n,
typenane fusion::result_of::value_at_c<S, 0> :type,

typenane fusion::result_of::value_at_c<S, N 1> :type
> type
type; // \Wiere S is a RandomAccessSequence equival ent to Sequence, and Nis the size of S
Description

Computes the return type of the pr ot o: : unpack_expr () function.

Function make_expr

boost::proto::make_expr — Construct an expression of the requested tag type with a domain and with the specified arguments as
children.

Synopsis
/'l In header: <boost/proto/ make_expr. hpp>

tenpl at e<t ypenane Tag, typenane... A>
typename proto::result_of::mke_expr<Tag, A const...>::type const

make_expr (A const & .. a);

tenpl at e<t ypenane Tag, typenane Domain, typenane... A>
typename proto::result_of::mke_expr<Tag, Donmain, A const...>::type const
make_expr (A const & .. a);
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Description

This function template may be invoked either with or without specifying a Donai n template parameter. If no domain is specified,
the domain is deduced by examining domains of the given arguments. See pr ot o: : deduce_domai n for a full description of the
procedure used.

Let WRAP( x) be defined such that:
e If xisaboost::reference_w apper <>, WRAP( x) isequivalent to prot o: : as_chi | d<Donmai n>(x. get()).
» Otherwise, WRAP( x) isequivalent to pr ot o: : as_expr <Domai n>(x) .

If prot o: : want s_basi c_expr <t ypenanme Donmi n: : prot o_gener at or >: : val ue istrue, thenlet Ebepr ot o: : basi ¢c_expr;
otherwise, let E bepr ot o: : expr.

Let MAKE( Tag, b...) bedefinedasE<Tag, proto::listN<decltype(b)...> > :make(b...).
If Tag isproto::tag::termnal,then return WRAP( ag) .

Otherwise, return Domai n() (MAKE( Tag, WRAP(a)...)).

Function unpack_expr

boost::proto::unpack _expr — Construct an expression of the requested tag type with adomain and with children from the specified
Fusion Forward Sequence.

Synopsis
/1 I'n header: <boost/proto/ make_expr. hpp>

t enpl at e<t ypenane Tag, typenane Sequence>
typenanme proto::result_of::unpack_expr<Tag, Sequence const>::type const
unpack_expr ( Sequence const & sequence);

tenpl at e<t ypenane Tag, typenane Domai n, typenane Sequence>
typenanme proto::result_of::unpack_expr<Tag, Donmin, Sequence const>::type const
unpack_expr ( Sequence const & sequence);

Description

This function template may be invoked either with or without specifying a Domai n argument. If no domain is specified, the domain
is deduced by examining domains of each element of the sequence. See pr ot o: : deduce_domai n for afull description of the pro-
cedure used.

Let s be aFusion RandomA ccessSequence equivalent to sequence. Let WRAP( N, s) be defined such that:

e Iffusion::result_of::value_at_c<decl type(s), N>::type isareferencetypeor aninstantiation of boost : : ref er -
ence_wr apper <>, WRAP( N, s) isequivalenttoproto::as_chi | d<Domai n>(fusion::at_c<N>(s)).

o Otherwise, WRAP( N, s) isequivalent to prot o: : as_expr <Domai n>(fusi on: : at _c<N>(s)).

If proto: : want s_basi c_expr <t ypenanme Domai n: : prot o_gener at or >: : val ue istrue, thenletEbepr ot o: : basi c_expr;
otherwise, let E bepr ot o: : expr.

Let MAKE( Tag, b...) bedefined asE<Tag, proto::listN<decltype(b)...> > :nmake(b...).
If Tag isproto::tag::termnal,thenreturn WRAP( 0, s).

Otherwise, return Domai n() (MAKE( Tag, WRAP(O, s),... WRAP(N-1, s))),whereNisthesizeof Sequence.
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Parameters: sequence A Fusion Forward Sequence.

Header <boost/proto/matches.hpp>

Contains definition of the pr ot o: : mat ches<> metafunction for determining if a given expression matches a given pattern.

namespace boost {
namespace proto {
struct _
t enpl at e<t ypenanme G anmmar > struct not_;
tenpl at e<typenane |f, typename Then = proto::_,
typename El se = proto::not_<proto::_> >

struct if_;
t enpl at e<typenane... G> struct or_;
t enpl at e<typenane... G> struct and_;

t enpl at e<t ypenane Cases, typenane Transform> struct switch_;
tenpl at e<t ypenanme T> struct exact;

t enpl at e<t ypenanme T> struct convertible_to

t enpl at e<t ypename Grammar > struct vararg;

t enpl at e<t ypenanme Expr, typenane G anmmar > struct matches

}
}
Struct _
boost::proto:: — A wildcard grammar element that matches any expression, and a transform that returns the current expression
unchanged.

Synopsis
/1 I'n header: <boost/proto/ matches. hpp>

struct _ : proto::transform<_> {
/'l types
typedef _ proto_granmar;

/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
t ypedef Expr result_type;

/1 public menber functions
Expr operator()(typenane inpl::expr_param typenanme inpl::state_param
typenane i npl::data_param const;

H
H
Description
Thewildcard type, pr ot o: : _, isagrammar element suchthat pr ot o: : mat ches<E, proto::_>::val ueistrue forany expression
typeE.

The wildcard can also be used as a stand-in for a template argument when matching terminals. For instance, the following is a
grammar that will match any st d: : conpl ex<> termina:
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BOOST_MPL_ASSERT( (
proto:: matches<
proto::term nal <std::conpl ex<doubl e> >::type,

proto::term nal <std::conplex< proto::_ > >
>

)

When used as a transform, pr ot o: : _ returns the current expression unchanged. For instance, in the following, prot o: : _ isused
with the pr ot 0: : f ol d<> transform to fold the children of a node:

struct Count Children :
proto::or_<
/1l Terminals have no children
proto::when<proto::termnal <proto::_>, npl::int_<0>()>,
/'l Use proto::fold<> to count the children of non-termnals
proto::otherw se<

proto::fol d<

proto::_, // <-- fold the current expression
mpl @ :int_<0>(),

npl : : plus<proto::_state, npl::int_<1> >()
>

>

{h

Struct template impl

boost::proto::_::impl
Synopsis
/1l I'n header: <boost/proto/ matches. hpp>

t enpl at e<t ypenanme Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types

t ypedef Expr result_type;

/1 public nmenber functions

Expr operator()(typename inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

Expr operator()(typenane inpl::expr_param expr, typenane inpl::state_param
typenane inpl::data_param const;

Parameters: expr  Anexpression
Returns: expr
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Struct template not__

boost::proto::not_ — Invertsthe set of expressions matched by a grammar. When used as a transform, pr ot o: : not _<> returnsthe
current expression unchanged.

Synopsis

/1 I'n header: <boost/proto/ nmatches. hpp>

t enpl at e<t ypenane G anmar >

struct not_ : proto::transfornxnot <G amar> > {
/'l types
t ypedef not_ proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef Expr result_type;

/1 public nmenber functions

Expr operator()(typenanme inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

If an expression type E does not match a grammar G then E does match proto::not_<G. For example,
proto::not_<proto::term nal <proto::_> >will match any non-terminal.

Struct template impl

boost::proto::not_::impl
Synopsis
/1 I'n header: <boost/proto/ matches. hpp>

t enpl at e<t ypename Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types

t ypedef Expr result_type;
/'l public menber functions

Expr operator()(typenanme inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

L Expr operator()(typename inpl::expr_param expr, typenane inpl::state_param

typenane inpl::data_param const;
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Parameters: expr  Anexpression
Requires: proto:: mat ches<Expr, proto::not_>::val ueistrue.
Returns: expr

Struct template if_

boost::proto::if _— Used to select one grammar or another based on the result of a compile-time Boolean. When used as atransform,
proto::if_<> seectsbetween two transforms based on a compile-time Boolean.

Synopsis

/1 I'n header: <boost/proto/ nmatches. hpp>

tenpl ate<typenane |f, typenane Then = proto:: _,
typename Else = proto::not_<proto::_> >
struct if_ : proto::transfornxif_<If, Then, Else> > {
/'l types
typedef if_ proto_granmmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenanme Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenane npl::if_<
typenane boost::result_of <proto::when<proto:: , If>(Expr, State, Data)>::type,
typenanme boost::result_of <proto::when<proto::_, Then>(Expr, State, Data)>::type,
typenane boost::result_of <proto::when<proto:: , Else>(Expr, State, Data)>::type

>::type result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

Description

Whenproto::if_<If, Then, Else>isusedasagrammar,|f mustbeaPrototransformand Then and El se must begrammars.
An expression type E matches proto::if_<If, Then, El se> if boost::result_of <proto::when<proto:: _,
If>(E)> :type::value is true and E matches Then; or, if boost::result_of <proto::when<proto:: _,
I f>(E)>::type::val ueisfal se and E matchesEl se.

The template parameter Then defaultsto pr ot o: : _ and El se defaultsto pr ot o: : not _<pr ot o: : _>, S0 an expression type E will
match proto: ;i f_<If>if andonly if boost: : resul t _of <proto:: when<proto::_, |f>(E)>::type::val ueistrue.

/1 A grammar that only matches integral termnals,
/'l using is_integral <> from Boost. Type_traits.
struct I|slntegral
proto::and_<
proto::termnal <proto::_>,
proto::if_< boost::is_integral <proto::_value>()>
>

i

Whenproto::if_<If, Then, Else>isusedasatransform,|f, Then and El se must be Proto transforms. When applying the
transformto an expression E, state Sand dataV, if boost : : resul t _of <prot o: : when<proto:: _, 1f>(E S, V)>::type::val ue
ist r ue then the Then transform is applied; otherwise the El se transformis applied.
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/1l Match a terminal. If the terminal is integral, return
/'l mpl::true_; otherw se, return npl::false_.
struct Islntegral2 :
pr ot o: : when<
proto::termnal <_>,
proto::if_<
boost::is_integral <proto::_value>(),
npl ::true_(),

npl ::false_()
>

>

i

Struct template impl
boost::proto::if ::impl
Synopsis

/'l I'n header: <boost/proto/ matches. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenane npl::if_<
typename boost::result_of <proto::when<proto::_, If>(Expr, State, Data)>::type,
typename boost::result_of <proto::when<proto::_, Then>(Expr, State, Data)>::type,
t ypename boost::result_of <proto::when<proto::_, Else>Expr, State, Data)>: :type

> type result_type;

/1 public menber functions

result_type operator()(typenanme inpl::expr_param
typenamne inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result _type operator()(typenane inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Parameters: data A data of arbitrary type
expr An expression
state Thecurrent state
Returns: proto::when<proto::_, Then-or-Else>()(expr, state, data)

Struct template or_

boost::proto::or_ — For matching one of a set of alternate grammars. Alternates are tried in order to avoid ambiguity. When used
asatransform, pr ot o: : or _<> applies the transform associated with the first grammar that matches the expression.
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Synopsis

/1l I'n header: <boost/proto/ nmatches. hpp>

tenpl at e<typenane... G

struct or_ : proto::transfornxor_<G..> > {
/'l types
t ypedef or_ proto_granmmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
t ypedef unspecified result_type;

/1 public nmenber functions
result _type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description
An expression type E matchesprot o: : or _<&, G, . . . G,> if Ematchesany G, forx in[ 0, n] .

When applying prot o: : or _<G, G, . . . G,> as atransform with an expression e of type E, state s and data d, it is equivalent to
G() (e, s, d),wherex isthelowest number suchthat pr ot o: : mat ches<E, G,>::val ueistrue.

The maximun number of template arguments pr ot o: : or _<> accepts is controlled by the BOOST_PROTO MAX_LOG CAL_ARI TY
macro.

Struct template impl

boost::proto::or_::impl
Synopsis
/'l I'n header: <boost/proto/ nmatches. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
t ypedef unspecified result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;
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Description

i mpl public member functions

result_type operator()(typename inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Parameters: dat a A dataof arbitrary type
expr An expression
state Thecurrent state

Returns: G() (expr, state, data) , where x is the lowest number such that proto:: mat ches<Expr,
G:>::val ue istrue.

Struct template and_

boost::proto::and_ — For matching all of a set of grammars. When used as atransform, pr ot o: : and_<> appliesthe transform as-
sociated with each grammar in the set and returns the result of the last.

Synopsis

/1 I'n header: <boost/proto/ nmatches. hpp>

tenpl at e<typenane... G

struct and_ : proto::transfornkand <G ..> > {
/'l types
t ypedef and_ proto_grammar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenane boost::result_of <G,(Expr, State, Data)>::type result_type;

/1 public nmenber functions
result_type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description
An expression type E matches pr ot o: : and_<G&, G, . . . G,> if Ematchesal G, forx in[ 0, n] .

When applying pr ot o: : and_<G&, G, . . . G,> asatransform with an expression e, state s and datad, it isequivalent to ( G() (e,
s, d),G()(e, s, d),...G()(e, s, d)).

The maximun number of template arguments pr ot o: : and_<> acceptsis controlled by the BOOST _PROTO MAX _LOG CAL_ARI TY
macro.

Struct template impl

boost::proto::and_::impl
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Synopsis
/1l I'n header: <boost/proto/ nmatches. hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types

typedef typenane boost::result_of <G,(Expr, State, Data)>::type result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result _type operator()(typename inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Parameters: data A data of arbitrary type
expr An expression
state Thecurrent state

Returns: (&() (expr, state, data), Gy()(expr, state, data),...G,()(expr, state, data))

Struct template switch_

boost::proto::switch_— For matching one of aset of aternate grammars, which arelooked up
passed in second template parameter. If no transform is passed, the default one is pr ot o: :

based on the result type of thetransform
tag_of <proto:: >() sothe default

matching is based on the expression's tag type. When used as a transform, pr ot o: : swi t ch_<> applies the transform associated

with the sub-grammar that matches the expression.
Synopsis

/1 I'n header: <boost/proto/ matches. hpp>

t enpl at e<t ypenane Cases, typenanme Transforne

struct switch_ : proto::transforn<sw tch_<Cases, Transform > {
/'l types
typedef switch_ proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
Cases: :tenpl ate case_<
typenanme when<_, Transforme::tenplate inpl <Expr, State, Data>
>::tenplate inpl <Expr, State, Data>
{
}
}

ciresult_type
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Description

An  expresson type E maches proto::switch_<C, T> if E maches C :case_<boost::res-
ul t _of <proto::when<proto::_, T>(E)>::type>.

When applying pr ot o: : swi t ch_<C, T> as atransform with an expression e of typeE, state s of type S and datad of type D, it is
equivalentto C: : case_<boost : : resul t _of <proto: : when<proto:: _, T>(E S, D)> :type>()(e, s, d).
Struct template impl

boost::proto::switch_::impl
Synopsis
/1 I'n header: <boost/proto/ matches. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
Cases: :tenpl ate case_<
typename when<_, Transforme::tenplate inpl <Expr, State, Data>::result_type
>::tenplate inpl <Expr, State, Data>

Struct template exact

boost::proto::exact — For forcing exact matches of terminal types.
Synopsis

/1 I'n header: <boost/proto/ matches. hpp>
t enpl at e<t ypenane T>

struct exact {

H

Description

By default, matching terminals ignores references and cv-qualifiers. For instance, aterminal expression of type pr ot o: : t er mi n-
al <i nt const &>::type will matchthegrammar pr ot o: : t er mi nal <i nt >. If that isnot desired, you can force an exact match
with prot o: : t er mi nal <pr ot o: : exact <i nt > >. Thiswill only match integer terminals where the terminal is held by value.

Struct template convertible to

boost::proto::convertible to — For matching terminals that are convertible to atype.
Synopsis

/1 I'n header: <boost/proto/ matches. hpp>

t enpl at e<t ypenane T>
struct convertible to {

I
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Description

Useproto: : converti bl e_t o<>to match aterminal that is convertible to some type. For example, the grammar prot o: : ter -
m nal <proto::convertibl e_to<i nt> > will match any terminal whose argument is convertible to an integer.

Struct tem plate vararg

boost::proto::vararg — For matching a Grammar to a variable number of sub-expressions.
Synopsis

/1 I'n header: <boost/proto/ matches. hpp>
t enpl at e<t ypenane G anmmar >

struct vararg {

b

Description

Anexpressiontypepr ot o: : basi c_expr <AT, proto::listN<Ag,...A, U, ..Uy >machesagrammar pr ot o: : basi c_ex-
pr<BT, proto::listMBy,...B, proto::vararg<V> > >if BTisproto::_orAT,andif A, matchesB, foreachx in[ 0, n]
and if U, matchesV for eachx in[ 0, n{ .

For example:

/1 Match any function call expression, regardl ess
/1 of the number of function argunents:
struct Function :

proto::function< proto::vararg<proto::_> >

{1

When used as atransform, pr ot o: : var ar g<G> applies Gs transform.

Struct template matches

boost::proto::matches — A Boolean metafunction that evaluates whether a given expression type matches a grammar.
Synopsis

/1 In header: <boost/proto/ matches. hpp>

t enpl at e<t ypenanme Expr, typenane G anmmar >

struct matches : npl::bool _<true-or-fal se> {
i
Description

proto: : mat ches<Expr, G anmmar >inheritsfromnpl : :true_if Expr:: prot o_gr anmar matchesG ammar : : prot o_gr anmar ,
and fromnpl : : f al se_ otherwise.

Non-terminal expressions are matched against a grammar according to the following rules:

» Thewildcard pattern, proto::_ , matchesany expression.
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e Anexpression proto::basic_expr<AT, proto::listN <A, ...A> > matchesagrammar prot o: : basi c_expr <BT,
proto::listN <By,...B,> > ifBTis proto::_ orAT,andif A, matches B, foreachxin[O0,n].

» Anexpression proto::basic_expr<AT, proto::listN <Ay, ...A,, U, ...Uy > matchesagrammar proto:: ba-
sic_expr<BT, proto::listM<By,...B, proto::vararg<Vv> > > ifBTis proto::_ orAT,andif A, matches
B, foreachxin[0,n] andif U, matchesVforeachxin[0, ni.

» Anexpression E matches proto::or_<By,...B,> if Ematchessome B, forxin[O0,n].

e Anexpression E matches proto::and_<By,...B,> if Emaichesal B, forxin[O0,n].

» Anexpression Ematches proto::if_<T, U, V> if:

* boost::result_of <proto::when<proto:: ,T>(E)>::type::value istrue andE matchesU, or

* boost::result_of <proto::when<proto:: , T>(E)>::type::value isfalse andE matchesV.
Note: Udefaultsto proto::  andVdefaultsto proto::not_<proto:: > .

» Anexpression E matches proto: : not_<T> if E doesnot match T.

* An expresson E matches proto::swtch_<C, ™ if E maiches C.:case_<boost::res-
ul t _of <proto::when<proto:: _, T>(E)>::type>. Note: T defaultstoproto: :tag_of <proto::_ >()

A terminal expression can trivially match the grammar proto:: . In addition, aterminal expression pr ot o: : basi c_expr <AT,
proto::ternxkA> > matchesagrammar proto::basi c_expr<BT, proto::ternkB> > if BTisproto:: _or AT andone
of the following istrue:

» Bisthewildcard pattern, proto:: _

* AisSB

* AiSB &

* AisSB const &

* Bis proto::exact<A>

e Bis proto::convertible to<X> andboost::is_convertibl e<A X>::val ueistrue.
e AiISXIM orX(&[M andBis X[ proto::N|

e AiSX(&[M andBis X(&)[proto::N|

e AiISXIM or X(&[M andBisXx*.

* Bl anmbda- nat ches A (see below).

A typeB| anbda- mat ches Aif one of the following istrue:
* BiSA

» Bisthewildcard pattern, proto:: _

* Bis T<By,...B,> andAis T<Aq ...A,> andforeachxin[0, n], A, and B, aretypes such that A, | ambda- mat ches B,

Header <boost/proto/operators.hpp>

Contains all the overloaded operators that make it possible to build Proto expression trees.
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BOOST_PROTO_DEFI NE_OPERATORS( Tr ai t

nanmespace boost {
nanmespace proto {

Donai n)

tenpl at e<typenane T> struct is_extension;

t enpl at e<t ypenane Arg> unspecified operator+(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator+(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator-(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator-(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator*(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator*(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator~(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator~(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator& Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator& Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator!(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator!(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator++(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator++(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator--(Arg & arg);

t enpl at e<t ypenane Arg> unspecified operator--(Arg const & arg);
t enpl at e<t ypenane Arg> unspecified operator++(Arg & arg, int);
t enpl at e<t ypenane Arg> unspecified operator++(Arg const & arg, int);
t enpl at e<t ypenane Arg> unspecified operator--(Arg & arg, int);
t enpl at e<t ypenane Arg> unspecified operator--(Arg const & arg, int);
tenpl at e<typenane Left, typenane Ri ght>

unspeci fied operator<<(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<<(Left & left, Right

tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<<(Left const & left,

tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<<(Left const & left,

tenpl at e<typenane Left, typenane Ri ght>

unspeci fied operator>>(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>>(Left & left, Right

tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>>(Left const & left,

tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>>(Left const & left,

tenpl at e<typenane Left, typenane Ri ght>

unspeci fied operator*(Left & left, Right
t enpl at e<t ypenanme Left, typenane Ri ght>
unspeci fied operator*(Left & left, Right

tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator*(Left const & left,

tenpl at e<typenane Left, typenane Right>
unspeci fied operator*(Left const & left,

tenpl at e<typenane Left, typenane Ri ght>

unspecified operator/(Left & left, Right
t enpl at e<t ypenanme Left, typenane Ri ght>
unspecified operator/(Left & left, Right

tenpl at e<typenane Left, typenane Right>
unspeci fied operator/(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator/(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator%Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>

& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);

& right);
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unspecified operator%Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator%Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator%Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator+(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator+(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator+(Left const & left,
tenpl at e<typenane Left, typenane Right>
unspecified operator+(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-(Left const & left,
tenpl at e<typenane Left, typenane Right>
unspecified operator-(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator<=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator>=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator==(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator==(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator==(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator==(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator! =(Left & left, R ght

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);

Ri ght & right);

Ri ght const & right);
& right);

const & right);

Ri ght & right);

Ri ght const & right);
& right);

const & right);

Ri ght & right);

Ri ght const & right);

& right);
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tenpl at e<typenane Left, typenane Ri ght>
unspecified operator! =(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator! =(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator! =(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator||(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator||(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator||(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator||(Left const & left,
tenpl at e<typenane Left, typenane Right>
unspeci fied operator&&(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&&(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator&&(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator&&(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operatoré&(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator| (Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator| (Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator”(Left & left, Right
tenpl at e<typenane Left, typenane Right>
unspecified operator”(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator”(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator”(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator, (Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator, (Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator, (Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator, (Left const & left,
tenpl at e<typenane Left, typenane Ri ght>

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);

unspecified operator->*(Left & left, Right & right);

tenpl at e<typenane Left, typenane Ri ght>

unspecified operator->*(Left & left, Right const & right);

tenpl at e<typenane Left, typenane Ri ght>
unspecified operator->*(Left const & |eft

tenpl at e<typenane Left, typenane Ri ght>
unspecified operator->*(Left const & |eft

tenpl at e<typenane Left, typenane Ri ght>

, Right &right);

, Right const & right);
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unspeci fied operator<<=(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator<<=(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fi ed operator<<=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fi ed operator<<=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>>=(Left & left, Right
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator>>=(Left & left, Right
tenpl at e<typenane Left, typenane Right>
unspeci fi ed operator>>=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fi ed operator>>=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator*=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator*=(Left & left, R ght
tenpl at e<typenane Left, typenane Right>
unspeci fied operator*=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator*=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator/=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator/=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator/=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator/=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator%(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator%(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator%(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator% (Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator+=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator+=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator+=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator+=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator-=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator-=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator&=(Left & left, R ght
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator&=(Left const & left,
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator&=(Left const & left,

& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);
Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
& right);

const & right);

Right & right);

Ri ght const & right);
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tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|=(Left & left, Right & right)
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|=(Left & left, R ght const & right)
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|=(Left const & left, Right & right)
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator|=(Left const & left, Right const & right)
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator”=(Left & left, R ght & right)
tenpl at e<typenane Left, typenane Ri ght>
unspecified operator”=(Left & left, R ght const & right)
tenpl at e<typenane Left, typenane Ri ght>
unspeci fied operator”=(Left const & left, Right & right)
tenpl at e<typenane Left, typenane Right>
unspecified operator”=(Left const & left, Right const & right)
tenpl at e<typenane A0, typenane Al, typenane A2>
typenane proto::result_of::mke_expr<
proto::tag::if_else_,
pr ot o: : deduce_donai n
A0 const &
Al const &
A2 const &
>::type const
if_else(A0 const & a0, Al const & al, A2 const & a2);

Struct template is_extension

boost::proto::is_extension — Boolean metafunction that can be used to enable the operator overloads in the exops namespace for
the specified non-Proto terminal type.

Synopsis

/'l I'n header: <boost/proto/operators. hpp>
t enpl at e<t ypenane T>

struct is_extension : is_expr< T > {

b

Macro BOOST_PROTO_DEFINE_OPERATORS

BOOST_PROTO_DEFINE_OPERATORS — Defines a complete set of expression template-building operator overloads for use
with non-Proto terminal types.

Synopsis

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

BOOST_PROTO_DEFI NE_OPERATORS( Trai t, Domai n)

Description

With BOOST_PROTO_DEFI NE_OPERATORS( ) , it is possible to non-intrusively adapt an existing (non-Proto) type to be a Proto ter-
minal.
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Trai t isthe name of aunary Boolean metafunction that returns true for any types you would like to treat as Proto terminals.

Donwi n isthe name of the Proto domain associated with these new Proto terminals. You may use pr ot o: : def aul t _donai n for
the Domai n if you do not wish to associate these terminals with any domain.

Example:

namespace My {
/1 A non-Proto terminal type
struct S {}

/1 A unary Bool ean netafunction that returns true for type S
tenpl at e<typenane T> struct IsS : npl::false_ {};
tenpl ate<> struct 1sS<S> : npl::true_ {};

/1l Make S a Proto terminal non-intrusively by defining the

/'l appropriate operator overloads. This should be in the sane
/'l namespace as S so that these overloads can be found by

/1 argunent - dependent | ookup

BOOST_PROTO_DEFI NE_OPERATORS( 1 sS, proto::default_donain)

}

int main() {
My::S sl, s2

/1 OK, this builds a Proto expression tenplate
sl + s2

}

Header <boost/proto/proto.hpp>

Includes al of Proto, except the Boost. Typeof registrations.

Header <boost/proto/proto_fwd.hpp>

Forward declarations of all of proto's public types and functions.

BOOST_PROTO_MAX_ARI TY
BOOST_PROTO _MAX_LOG CAL_ARI TY
BOOST_PROTO_MAX_FUNCTI ON_CALL_ARI TY
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nanespace boost {
nanespace proto {
struct call able

int const N

typedef proto::functional::flatten _flatten

typedef proto::functional::nake_pair _nake_pair

typedef proto::functional::first _first

typedef proto::functional::second _second

typedef proto::functional::pop_back _pop_back

typedef proto::functional::pop_front _pop_front

typedef proto::functional::push_back _push_back

typedef proto::functional::push_front _push_front

typedef proto::functional::reverse _reverse

typedef proto::functional::eval _eval

typedef proto::functional::deep_copy _deep_copy;

typedef proto::functional::mke_expr< proto::tag::termnal > _nake_term nal

typedef proto::functional::mke_expr< proto::tag::unary_plus > _nmake_unary_pl us

typedef proto::functional::nmke_expr< proto::tag::negate > _nake_negate

typedef proto::functional::mke_expr< proto::tag::dereference > _nake_dereference

typedef proto::functional::nmke_expr< proto::tag::conplenent > _make_conpl enent

typedef proto::functional::nmke_expr< proto::tag::address_of > _nmke_address_of

typedef proto::functional::nmke_expr< proto::tag::logical_not > _nake_| ogical _not;

typedef proto::functional::nmke_expr< proto::tag::pre_inc > _make_pre_inc

typedef proto::functional::nmke_expr< proto::tag::pre_dec > _make_pre_dec

typedef proto::functional::nmke_expr< proto::tag::post_inc > _nake_post_inc;

typedef proto::functional::mke_expr< proto::tag::post_dec > _nake_post_dec;

typedef proto::functional::nmke_expr< proto::tag::shift_left > nmake_shift_left;

typedef proto::functional::mke_expr< proto::tag::shift_right > nmake_shift_right

typedef proto::functional::mke_expr< proto::tag::multiplies > nmake_nultiplies

typedef proto::functional::nmke_expr< proto::tag::divides > _make_divides

typedef proto::functional::mke_expr< proto::tag::nodulus > _make_nodul us

typedef proto::functional::nmke_expr< proto::tag::plus > _nake_plus

typedef proto::functional::mke_expr< proto::tag::mnus > _nake_m nus

typedef proto::functional::nmke_expr< proto::tag::less > _nake_|l ess

typedef proto::functional::nmke_expr< proto::tag::greater > _make_greater

typedef proto::functional::nmke_expr< proto::tag::less_equal > _nake_| ess_equal

typedef proto::functional::nmke_expr< proto::tag::greater_equal > _make_greater_equal

typedef proto::functional::nmke_expr< proto::tag::equal _to > _nake_equal _to

typedef proto::functional::nmke_expr< proto::tag::not_equal _to > _nake_not_equal _to

typedef proto::functional::nmke_expr< proto::tag::logical_or > _nmake_| ogical _or

typedef proto::functional::nmke_expr< proto::tag::logical_and > _nake_| ogi cal _and;

typedef proto::functional::nmke_expr< proto::tag::bitwi se_and > _nake_bitw se_and;

typedef proto::functional::nmke_expr< proto::tag::bitwi se_or > _nake_bitw se_or

typedef proto::functional::nmke_expr< proto::tag::bitw se_xor > _nake_bitw se_xor

typedef proto::functional::mke_expr< proto::tag::conmma > _nake_conmng;

typedef proto::functional::nmke_expr< proto::tag::memptr > _make_nemptr

typedef proto::functional::nmke_expr< proto::tag::assign > _nmake_assign

typedef proto::functional::mke_expr< proto::tag::shift_left_assign > make_shift_|eft_assign

typedef proto::functional::mke_expr< proto::tag::shift_right_assign > _make_shift_right_asO
si gn;

typedef proto::functional::mke_expr< proto::tag::multiplies_assign > _nmake_nmultiplies_assign

typedef proto::functional::nmke_expr< proto::tag::divides_assign > _nmake_divides_assign

typedef proto::functional::mke_expr< proto::tag::nodul us_assign > _make_nodul us_assi gn

typedef proto::functional::mke_expr< proto::tag::plus_assign > _nake_pl us_assign

typedef proto::functional::nmke_expr< proto::tag::mnus_assign > _nake_m nus_assign

typedef proto::functional::mke_expr< proto::tag::bitw se_and_assign > _nmake_bitw se_and_asO
si gn;

typedef proto::functional::mke_expr< proto::tag::bitw se_or_assign > _nake_bitw se_or_assign

typedef proto::functional::mke_expr< proto::tag::bitw se_xor_assign > _nmake_bitw se_xor_as{
si gn;

typedef proto::functional::mke_expr< proto::tag::subscript > _make_subscript
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typedef proto::functional::mke_expr< proto::tag::if_else_> _nake_if_else;
typedef proto::functional::mke_expr< proto::tag::function > _nake_function
typedef proto:: _child _c< N> _childN // For each N in [0, BOOST_PROTO MAX_ARI TY)
typedef proto::_child0 _child;
typedef proto::_child0 _left;
typedef proto:: _childl _right
namespace functional {
typedef proto::functional::nmke_expr< proto::tag::termnal > make_term nal
typedef proto::functional::nmke_expr< proto::tag::unary_plus > nmake_unary_pl us
typedef proto::functional::nmke_expr< proto::tag::negate > nake_negate
typedef proto::functional::nmke_expr< proto::tag::dereference > nake_dereference
typedef proto::functional::mke_expr< proto::tag::conplenment > make_conpl enent;
typedef proto::functional::mke_expr< proto::tag::address_of > nmake_address_of;
typedef proto::functional::mke_expr< proto::tag::|ogical_not > make_|l ogi cal _not;
typedef proto::functional::nmke_expr< proto::tag::pre_inc > nmake_pre_inc;
typedef proto::functional::nmke_expr< proto::tag::pre_dec > nake_pre_dec
typedef proto::functional::nmke_expr< proto::tag::post_inc > nake_post _inc;
typedef proto::functional::nmke_expr< proto::tag::post_dec > nake_post_dec;
typedef proto::functional::mke_expr< proto::tag::shift_left > make_shift_left;
typedef proto::functional::mke_expr< proto::tag::shift_right > make_shift _right;
typedef proto::functional::nmke_expr< proto::tag::multiplies > make_multiplies
typedef proto::functional::mke_expr< proto::tag::divides > nake_divides
typedef proto::functional::nmke_expr< proto::tag::nodul us > nake_nodul us
typedef proto::functional::nmke_expr< proto::tag::plus > make_pl us
typedef proto::functional::mke_expr< proto::tag::mnus > nake_m nus
typedef proto::functional::nmke_expr< proto::tag::less > make_l ess
typedef proto::functional::nmke_expr< proto::tag::greater > nake_greater
typedef proto::functional::mke_expr< proto::tag::less_equal > make_l ess_equal
typedef proto::functional::nmke_expr< proto::tag::greater_equal > nake_greater_equal
typedef proto::functional::nmke_expr< proto::tag::equal _to > make_equal _to
typedef proto::functional::nmke_expr< proto::tag::not_equal _to > nake_not_equal _to
typedef proto::functional::mke_expr< proto::tag::logical_or > make_l ogical _or
typedef proto::functional::mke_expr< proto::tag::|ogical_and > make_|l ogi cal _and;
typedef proto::functional::nmake_expr< proto::tag::bitw se_and > nake_bitw se_and
typedef proto::functional::nmke_expr< proto::tag::bitw se_or > nmake_bitw se_or
typedef proto::functional::nmke_expr< proto::tag::bitw se_xor > nake_bitw se_xor
typedef proto::functional::mke_expr< proto::tag::comma > nake_comms;
typedef proto::functional::nmke_expr< proto::tag::nmemptr > nake_nemptr
typedef proto::functional::nmke_expr< proto::tag::assign > nake_assign
typedef proto::functional::nake_expr< proto::tag::shift_|left_assign > nake_shift_left_assign
typedef proto::functional::nmke_expr< proto::tag::shift_right_assign > make_shift_right_asO
si gn;
typedef proto::functional::nake _expr< proto::tag::nmultiplies_assign > nake_mnultiplies_assign
typedef proto::functional::mke_expr< proto::tag::divides_assign > nake_divi des_assign
typedef proto::functional::nmke_expr< proto::tag:: nodul us_assi gn > nmake_nodul us_assi gn
typedef proto::functional::nmke_expr< proto::tag::plus_assign > nake_pl us_assign
typedef proto::functional::nmke_expr< proto::tag:: mnus_assign > nmake_ni nus_assi gn
typedef proto::functional::nmke_expr< proto::tag::bitw se_and_assign > make_bitw se_and_as[
si gn;
typedef proto::functional::nake_expr< proto::tag::bitw se_or_assign > nake_bitw se_or_assi gn
typedef proto::functional::nmke_expr< proto::tag::bitw se_xor_assign > make_bitw se_xor_as[

sign;
typedef proto::functional::nmke_expr< proto::tag::subscript > nake_subscript;
typedef proto::functional::mke_expr< proto::tag::if_else_ > make_if_el se
typedef proto::functional::nmke_expr< proto::tag::function > make_function
}
}
}

Struct callable

boost::proto::callable — Base class for callable PolymorphicFunctionObjects
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Synopsis
/'l I'n header: <boost/proto/proto_fwd. hpp>

struct callable {

I

Description

When defining a callable PolymorphicFunctionObject, inherit from pr ot o: : cal | abl e so that it can be used to create a Callable-
Transform.

proto::is_callabl e<T>::val ueistrue for typesthat inherit from pr ot o: : cal | abl e.

Global N

boost::proto::N
Synopsis

/'l 1 n header: <boost/proto/proto_fwd. hpp>

int const N

Description

Array size wildcard for Proto grammars that match array terminals.

Macro BOOST_PROTO_MAX_ARITY

BOOST_PROTO_MAX_ARITY — Controls the maximum number of child nodes an expression may have.
Synopsis

/1 I'n header: <boost/proto/proto_fwd. hpp>

BOOST_PROTO_MAX_ARI TY

Description

BOOST_PROTO_MAX_ARI TY defaultsto 10. It may be set higher or lower, but not lower than 3. Setting it higher will have a negative
effect on compile times.

See also BOOST_PROTO_MAX_FUNCTI ON_CALL_ARI TY.

Macro BOOST _PROTO_MAX_LOGICAL_ARITY

BOOST_PROTO_MAX_LOGICAL_ARITY — Controls the maximum number of sub-grammars that proto::or_<> and
proto::and_<> accept.
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Synopsis
/'l I'n header: <boost/proto/proto_fwd. hpp>

BOOST_PROTO _MAX_LOGI CAL_ARI TY

Description

BOOST_PROTO_MAX_LOG CAL_ARI TY defaultsto 10. It may be set higher or lower. Setting it higher will have a negative effect on
compile times.

Macro BOOST _PROTO_MAX_FUNCTION_CALL_ARITY

BOOST_PROTO_MAX_ FUNCTION_CALL_ARITY — Controlsthe maximum number of argumentsthat oper at or () overloads
accept.

Synopsis
/1 I'n header: <boost/proto/proto_fwd. hpp>

BOOST_PROTO_MAX_FUNCTI ON_CALL_ARI TY

Description

When setting BOOST_PROTO MAX_ARI TY higher than the default, compile times slow down considerably. That is due in large
part to the explosion in the number of oper at or () overloads that must be generated for each Proto expression type. By setting
BOOST_PROTO_MAX_FUNCTI ON_CALL_ARI TY lower than BOOST_PROTO_MAX_ARI TY, compiletimes can be sped up considerably.

Header <boost/proto/proto_typeof.hpp>

Boost. Typeof registrations for Proto's types, and definition of the BOOST_PROTO _AUTQ() macro.

BOOST_PROTO AUTQ( Var, Expr)

Macro BOOST_PROTO_AUTO

BOOST_PROTO_AUTO — For defining alocal variable that stores a Proto expression template, deep-copying the expression so
there are no dangling references.

Synopsis
/1 I'n header: <boost/proto/proto_typeof.hpp>
BOOST_PROTO_AUTQ( Var, Expr)

Description

To define alocal variable ex that storesthe expressionproto: : it (1) + 2, do thefollowing:

BOOST_PROTO _AUTQ( ex, proto::lit(1) + 2 );
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. The above is equivalent to the following:

BOOST_AUTQ( ex, proto::deep_copy( proto::lit(1) + 2 ) );

Header <boost/proto/repeat.npp>

Contains macros to ease the generation of repetitious code constructs.

BOOST_PROTO_REPEAT( MACRO)
BOOST_PROTO_REPEAT _FROM TQ{FROM TO, MACRO)
BOOST_PROTO_REPEAT_EX( MACRO, typenane_A, A, A a, a)
BOOST_PROTO REPEAT _FROM TO EX(FROM TO, MACRO, typename A, A A a, a)
BOOST_PROTO LOCAL_| TERATE()

BOOST_PROTO _t ypenane_A(N)

BOOST_PROTO_A const _ref(N)

BOOST_PROTO_A ref (N)

BOOST_PROTO_A(N)

BOOST_PROTO_A const (N)

BOOST_PROTO_A const _ref_a(N)

BOOST_PROTO A ref _a(N)

BOOST_PROTO ref _a(N)

BOOST_PROTO a(N)

Macro BOOST_PROTO_REPEAT

BOOST_PROTO_REPEAT — Repeatedly invoke the specified macro.
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_REPEAT( MACRO)

Description

BOOST_PROTO REPEAT() is used to generate the kind of repetitive code that is typica of EDSLs built with Proto.
BOOST_PROTO_REPEAT( MACRO) isequivalent to:

MACRO( 1, BOOST_PROTO typel
name_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)
MACRQ( 2, BOOST_PROTO typel
name_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)

MACRQO( BOOST_PROTO_MAX_ARI TY, BOOST_PROTO t ypel
name_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)

Example:

See BOOST_PROTO_REPEAT_FROM TQY() .

Macro BOOST PROTO REPEAT FROM_TO

BOOST_PROTO_REPEAT_FROM_TO — Repeatedly invoke the specified macro.
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Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_REPEAT_FROM TQ( FROM TO, MACRO)

Description

BOOST_PROTO_REPEAT_FROM TQ() is used to generate the kind of repetitive code that is typical of EDSLs built with Proto.
BOOST_PROTO_REPEAT_FROM TQ(FROM TO, MACRO) isequivaent to:

MACRO( FROM BOOST_PROTO t ypell

nanme_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)
MACRO( FROM+1, BOOST_PROTO t ypell

nanme_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)

MACRO( TO- 1, BOOST_PROTO t ypell
name_A, BOOST_PROTO A const_ref, BOOST_PROTO A const_ref_a, BOOST_PROTO ref_a)

Example:

/'l Generate BOOST_PROTO MAX ARI TY-1 overl oads of the
/1 follow ng construct() function tenplate.
#define MO(N, typenane_A, A const_ref, A const_ref_a, ref_a)
t enpl at e<typename T, typename_A(N)>
typename proto::result_of:: mke_expr<
proto::tag::function
, construct _hel per<T>
, A const_ref(N)
>::type const
construct (A _const _ref _a(N))
{
return proto:: make_expr<
proto::tag::function
>(
construct _hel per <T>()

, ref_a(N)

— e e e m — —m — — — —

)
}
BOOST_PROTO_REPEAT_FROM TQ(1, BOCOST_PROTO MAX _ARITY, M)
#undef M

The above invocation of BOOST_PROTO_REPEAT_FROM TQ() will generate the following code:
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t enpl at e<typenane T, typename A0>

typenane proto::result_of::mke_expr<
proto::tag::function
construct _hel per<T>
A0 const &

>::type const

construct (A0 const & a0)

{
return proto:: nmake_expr<
proto::tag::function
>(
construct _hel per<T>()
boost: : ref (a0)
)
}

tenpl at e<typenanme T, typename AO, typenane Al>
typenane proto::result_of::mke_expr<
proto::tag::function
construct _hel per<T>
A0 const &
Al const &
>::type const
construct (A0 const & a0, Al const & al)

{
return proto:: make_expr<
proto::tag::function
>(
construct _hel per<T>()
boost: : ref (a0)
, boost::ref(al)
)
}
/1 ... and so on, up to BOOST_PROTO MAX_ARITY-1 argunents ..

Macro BOOST_PROTO_REPEAT_EX
BOOST_PROTO_REPEAT EX — Repeatedly invoke the specified macro.
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_REPEAT_EX( MACRO, typenane_A, A, A a, a)

Description

BOOST_PROTO REPEAT_EX() is used to generate the kind of repetitive code that is typica of EDSLs bhuilt with Proto.
BOOST_PROTO REPEAT_EX(MACRO, typename_ A, A, A a, a) isequivaent to:

MACRO( 1, typename_A, A, A a, a)
MACRO( 2, typename_A, A, A a, a)

MACRO( BOOST_PROTO MAX_ARI TY, typename A A A a, a)

Example:
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See BOOST_PROTO_REPEAT_FROM TQ() .

Macro BOOST _PROTO_REPEAT FROM_TO EX
BOOST_PROTO_REPEAT FROM_TO_EX — Repeatedly invoke the specified macro.
Synopsis

/1 I'n header: <boost/protol/repeat. hpp>

BOOST_PROTO_REPEAT_FROM TO EX(FROM TO, MACRO, typenane A, A, A a, a)

Description

BOOST_PROTO_REPEAT_FROM TO EX() is used to generate the kind of repetitive code that is typical of EDSLs built with Proto.
BOOST_PROTO_REPEAT_FROM TO EX(FROM TO, MACRO, typenane_A, A, A a, a) isequivaent to:

MACRO( FROM typenane_A, A A a, a)
MACRO( FROM+1, typenane_A, A A a, a)

MACRO( TO 1, typenanme_A, A A a, a)

Example:

See BOOST_PROTO_REPEAT_FROM TQY() .

Macro BOOST_PROTO_LOCAL_ITERATE
BOOST_PROTO_LOCAL_ITERATE — Vertical repetition of a user-supplied macro.
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_LOCAL_| TERATE()

Description

BOOST_PROTO_LOCAL_| TERATE() isused generatethekind of repetitive codethat istypical of EDSL sbuilt with Proto. Thismacro
causes the user-defined macro BOOST_PROTO LOCAL_MACRQ() to be expanded with values in the range specified by
BOOST_PROTO LOCAL_LIM TS.

Usage:
#i ncl ude BOOST_PROTO LOCAL_| TERATE()

Example:
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/'l Generate BOOST_PROTO MAX ARI TY-1 overl oads of the
/1 follow ng construct() function tenplate
#def i ne BOOST_PROTO _LOCAL_MACRO(N, typenanme_A, A const_ref, A const_ref_a, ref_a)\

tenpl ate<typenane T, typename_A(N)> \
typenane proto::result_of::mke_expr< \
proto::tag::function \
, construct _hel per<T> \
, A const_ref(N) \
>::type const \
construct (A const _ref_a(N)) \
{ \
return proto::nake_expr< \
proto::tag::function \
>( \
construct _hel per<T>() \
, ref_a(N) \
) \

}

#def i ne BOOST_PROTO LOCAL_LIM TS (1, BOOST_PP_DEC( BOOST PROTO MAX_ARI TY))
#i ncl ude BOOST_PROTO LOCAL_| TERATE()

The above inclusion of BOOST_PROTO LOCAL_| TERATE() will generate the following code;

tenpl at e<t ypenane T, typenanme A0>
typenanme proto::result_of::mke_expr<
proto::tag::function
, construct _hel per<T>
, A0 const &
>::type const
construct (A0 const & a0)

{
return proto:: nake_expr<
proto::tag::function
>(
construct _hel per<T>()
, boost: :ref(a0)
)
}

tenpl at e<typenane T, typenane A0, typenane Al>
typenanme proto::result_of::mke_expr<
proto::tag::function
, construct _hel per<T>
, A0 const &
, Al const &
>::type const
construct (A0 const & a0, Al const & al)

{
return proto:: nake_expr<
proto::tag::function
>(
construct _hel per<T>()
, boost::ref(a0)
, boost::ref(al)
)
}
/1 ... and so on, up to BOOST_PROTO MAX ARITY-1 arguments ..

If BOOST_PROTO_LOCAL_LI M TS isnot defined by the user, it defaultsto (1, BOOST_PROTO_MAX_ARI TV) .

At each iteration, BOOST_PROTO _LOCAL_MACR(Q() isinvoked with the current iteration number and the following 4 macro parameters:
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* BOOST_PROTO _LOCAL_t ypenanme_A

e BOOST_PROTO LOCAL_A

» BOOST_PROTO LOCAL_A a

» BOOST_PROTO LOCAL a

If these macros are not defined by the user, they default respectively to:
* BOOST_PROTO_t ypenane_A

e BOOST_PROTO A const _ref

e BOOST_PROTO A const _ref_a

e BOOST _PROTO ref _a

After including BOOST_PROTO LOCAL_| TERATE() , the following macros are automatically undefined:
» BOOST_PROTO_LOCAL_MACRO

» BOOST_PROTO LOCAL_LIM TS

* BOOST_PROTO _LOCAL_typenanme_A

e BOOST_PROTO LOCAL_A

» BOOST_PROTO LOCAL_A a

« BOOST_PROTO LOCAL_a

Macro BOOST_PROTO_typename_ A
BOOST_PROTO _typename A — Generates sequenceslike typenane A, typename A, ...typenane Ay .
Synopsis

/1 I'n header: <boost/protol/repeat. hpp>

BOOST_PROTO _t ypenanme_A(N)

Description
Intended for use with the BOOST_PROTO_REPEAT() and BOOST_PROTO_LOCAL_| TERATE() macros.

BOOST_PROTO t ypenane_A(N) generates sequences like:

typenanme Ay, typename A;, ...typename Ay

Macro BOOST _PROTO_A const_ref

BOOST_PROTO_A_const_ref — Generates sequenceslike A, const & A; const & ...Ay; const & .
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Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_A const _ref(N)

Description
Intended for use with the BOOST_PROTO_REPEAT() and BOOST_PROTO_LOCAL _| TERATE() macros.

BOOST_PROTO A _const _ref (N) generates sequences like:

Ay const & A; const & ...Ay: const &

Macro BOOST_PROTO_A_ref

BOOST_PROTO_A_ref — Generates sequenceslike Ay & A; & ...Ay1 & .
Synopsis

/1 I'n header: <boost/protol/repeat. hpp>

BOOST_PROTO_A ref(N)

Description
Intended for use with the BOOST_PROTO_REPEAT() and BOOST_PROTO_LOCAL_| TERATE() macros.

BOOST_PROTO_A_ref (N) generates sequences like:

Ay & A& Ay &

Macro BOOST_PROTO_A

BOOST_PROTO_A — Generates sequenceslike Ay, A, ...Ay1 -
Synopsis

/1 I'n header: <boost/proto/repeat.hpp>

BOOST_PROTO_A(N)

Description
Intended for use with the BOOST _PROTO _REPEAT() and BOOST_PROTO LOCAL_| TERATE() macros.

BOOST_PROTO_A( N) generates sequences like:

Ao, A AN
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Macro BOOST_PROTO_A_const

BOOST_PROTO_A_const — Generates sequenceslike Ay const, A, const, ...Ay; const
Synopsis

/1 I'n header: <boost/protol/repeat. hpp>

BOOST_PROTO_A const (N)

Description
Intended for use with the BOOST_PROTO_REPEAT() and BOOST_PROTO_LOCAL_| TERATE() macros.

BOOST_PROTO_A_const ( N) generates sequences like:

A, const, A; const, ..Ay; const

Macro BOOST _PROTO_A const_ref_a

BOOST_PROTO_A _const_ref_a— Generates sequenceslike A, const & ap, A; const & a;, ...Ay; const & ayq -
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO_A const _ref_a(N)

Description
Intended for use with the BOOST _PROTO_REPEAT() and BOOST_PROTO LOCAL_| TERATE() macros.

BOOST_PROTO A const _ref _a(N) generates sequences like:

Ay const & ag, A; const & a;, ...Ay1 const & apn 1

Macro BOOST _PROTO_A ref _a

BOOST_PROTO_A ref a— Generates sequenceslike Ay & ag, A & a;, ...Ay1 & anq -
Synopsis

/1 I'n header: <boost/proto/repeat.hpp>

BOOST_PROTO A ref _a(N)

Description
Intended for use with the BOOST_PROTO_REPEAT() and BOOST_PROTO_LOCAL_| TERATE() Macros.

BOOST_PROTO A ref _a(N) generates sequences like:
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Ay & ag, AL & a;, ...Ay1 & an1

Macro BOOST _PROTO ref a

BOOST_PROTO ref a— Generates sequenceslike boost::ref(ag), boost::ref(a;), ..boost::ref(ayni) .
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO ref _a(N)

Description
Intended for use with the BOOST _PROTO_REPEAT() and BOOST_PROTO LOCAL_| TERATE() macros.

BOOST_PROTO ref _a(N) generates sequences like:

boost::ref(ap), boost::ref(a;), ..boost::ref(ayn1)

Macro BOOST _PROTO_a

BOOST_PROTO_a— Generates sequenceslike ap, aq, ...an1 -
Synopsis

/1 I'n header: <boost/protol/repeat.hpp>

BOOST_PROTO a(N)

Description
Intended for use with the BOOST_PROTQ_REPEAT() and BOOST_PROTO_LOCAL_| TERATE() Macros.

BOOST_PROTO a( N) generates sequences like:

8, a1, ..an1

Header <boost/proto/tags.hpp>

Contains the tags for all the overloadable operatorsin C++
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nanespace boost {
nanespace proto {
nanespace tag {

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

term nal ;

unary_pl us;

negat e;

der ef erence;

conpl enent ;

addr ess_of;

| ogi cal _not;
pre_inc;

pre_dec;

post _i nc;

post _dec;
shift_left;

shift _right;

mul tiplies;

di vi des;

nodul us;

pl us;

m nus;

| ess;

greater;

| ess_equal ;
greater_equal ;
equal _to;

not _equal _t o;

| ogi cal _or;

| ogi cal _and;

bi tw se_and;

bitwi se_or;

bitwi se_xor;
commm,;

memptr;

assi gn;
shift_|eft_assign;
shift_right_assign;
mul tiplies_assign;
di vi des_assi gn;
nmodul us_assi gn;

pl us_assi gn;

m nus_assi gn;

bi twi se_and_assi gn;
bitwi se_or_assign;
bitwi se_xor_assign;
subscri pt;
if_else_;
function;

Struct terminal

boost::proto::tag::terminal — Tag type for terminals; aka, leaves in the expression tree.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct terminal {

I

Struct unary_plus

boost::proto::tag::unary_plus — Tag type for the unary + operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct unary_plus {

b
Struct negate
boost::proto::tag::negate — Tag type for the unary - operator.
Synopsis

/1 I'n header: <boost/proto/tags.hpp>

struct negate {

b

Struct dereference

boost::proto::tag::dereference — Tag type for the unary * operator.
Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct dereference {

}

Struct complement

boost::proto::tag::complement — Tag type for the unary ~ operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct conpl ement {

e

Struct address_of

boost::proto::tag::address of — Tag type for the unary & operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct address_of {

b
Struct logical _not
boost::proto::tag::logical_not — Tag type for the unary ! operator.
Synopsis

/1 I'n header: <boost/proto/tags.hpp>

struct |ogical _not {

b

Struct pre_inc
boost::proto::tag::pre_inc — Tag type for the unary prefix ++ operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct pre_inc {

}

Struct pre_dec

boost::proto::tag::pre_dec — Tag type for the unary prefix -- operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct pre_dec {

e

Struct post_inc

boost::proto::tag::post_inc — Tag type for the unary postfix ++ operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct post_inc {

b

Struct post_dec

boost::proto::tag::post_dec — Tag type for the unary postfix -- operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct post_dec {

b

Struct shift_left
boost::proto::tag::shift_left — Tag type for the binary << operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct shift_left {
i

Struct shift_right

boost::proto::tag::shift_right — Tag type for the binary >> operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct shift_right {
H

Struct multiplies

boost::proto::tag::multiplies — Tag type for the binary * operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct nmultiplies {

b
Struct divides
boost::proto::tag::divides — Tag type for the binary / operator.
Synopsis

/1 I'n header: <boost/proto/tags.hpp>

struct divides {

b

Struct modulus

boost::proto::tag::modulus — Tag type for the binary % operator.
Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct nodul us {

}

Struct plus

boost::proto::tag::plus — Tag type for the binary + operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct plus {

e

Struct minus

boost::proto::tag::minus — Tag type for the binary - operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct mnus {

b

Struct less

boost::proto::tag::less — Tag type for the binary < operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct less {

b

Struct greater
boost::proto::tag::greater — Tag type for the binary > operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct greater {

}

Struct less_equal

boost::proto::tag::less equal — Tag type for the binary <= operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct |less_equal {

b
Struct greater_equal
boost::proto::tag::greater_equal — Tag type for the binary >= operator.
Synopsis

/'l In header: <boost/proto/tags. hpp>

struct greater_equal {

b

Struct equal _to

boost::proto::tag::equal_to — Tag type for the binary == operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct equal _to {

b

Struct not_equal_to
boost::proto::tag::not_equal_to — Tag type for the binary != operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct not_equal _to {

}

Struct logical_or

boost::proto::tag::logical_or — Tag type for the binary || operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct logical _or {

e

Struct logical _and

boost::proto::tag::logical_and — Tag type for the binary & & operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct logical _and {

b

Struct bitwise_and

boost::proto::tag::hitwise_and — Tag type for the binary & operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct bitw se_and {

b

Struct bitwise_or
boost::proto::tag::bitwise_or — Tag type for the binary | operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct bitw se_or {

}

Struct bitwise_xor

boost::proto::tag::bitwise_xor — Tag type for the binary * operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct bitw se_xor {

I

Struct comma

boost::proto::tag::comma— Tag type for the binary , operator.
Synopsis
/'l In header: <boost/proto/tags. hpp>

struct comma {

b

Struct mem_ ptr

boost::proto::tag::mem_ptr — Tag type for the binary ->* operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct memptr {

b

Struct assign
boost::proto::tag::assign — Tag type for the binary = operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct assign {

}

Struct shift_left_assign

boost::proto::tag::shift_left assign — Tag type for the binary <<= operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct shift_|left_assign {

b
Struct shift_right_assign
boost::proto::tag::shift_right_assign — Tag type for the binary >>= operator.
Synopsis

/'l In header: <boost/proto/tags. hpp>

struct shift_right_assign {
}

Struct multiplies_assign

boost::proto::tag::multiplies_assign — Tag type for the binary *= operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct multiplies_assign {

b

Struct divides_assign
boost::proto::tag::divides_assign — Tag type for the binary /= operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct divides_assign {

}

Struct modulus_assign

boost::proto::tag::modulus_assign — Tag type for the binary = operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct nodul us_assign {

b
Struct plus_assign
boost::proto::tag::plus_assign — Tag type for the binary += operator.
Synopsis

/'l In header: <boost/proto/tags. hpp>

struct plus_assign {

b

Struct minus_assign

boost::proto::tag::minus_assign — Tag type for the binary -= operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct mnus_assign {

b

Struct bitwise_and_assign
boost::proto::tag::bitwise_and_assign — Tag type for the binary & = operator.
Synopsis

/'l I'n header: <boost/proto/tags. hpp>

struct bitwi se_and_assign {

}

Struct bitwise_or_assign

boost::proto::tag::bitwise_or_assign — Tag type for the binary |= operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct bitw se_or_assign {

I

Struct bitwise_xor_assign
boost::proto::tag::bitwise_xor_assign — Tag type for the binary ~= operator.
Synopsis

/'l In header: <boost/proto/tags. hpp>

struct bitw se_xor_assign {

I

Struct subscript

boost::proto::tag::subscript — Tag type for the binary subscript operator.
Synopsis
/1 I'n header: <boost/proto/tags.hpp>

struct subscript {

b

Struct if_else_

boost::proto::tag::if_else — Tag type for the ternary ?: conditional operator.

Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct if_else_ {

}

Struct function

boost::proto::tag::function — Tag type for the n-ary function call operator.
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Synopsis
/'l I'n header: <boost/proto/tags. hpp>

struct function {

I

Header <boost/proto/traits.hpp>

Contains definitions for various expression traits and utilities like prot o: : t ag_of <> and prot o: : ari ty_of <>; the functions
proto::value(), proto::left() and proto::right(); proto::child(), proto::child_c(), proto::as_expr(),
proto::as_child(), and assorted helpers.

namespace boost {
namespace proto {
tenpl at e<typenane T> struct is_call abl e;
tenpl at e<typenane T> struct is_transform
tenpl at e<typenane T> struct is_aggregate;

—
V

struct terminal;
typenane U, typenane V> struct if_else_;
struct unary_pl us;
struct negate;
struct dereference;
struct conpl enment;
struct address_of;
struct | ogical _not;
struct pre_inc;
struct pre_dec;
struct post_inc;
struct post_dec;

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

Iy Iy e v o I e By Ky B
V VVVVYVYVYVYVYV"®

tenpl at e<typenane T, typename U> struct shift_left;

tenpl at e<typenane T, typename U> struct shift_right;

tenpl at e<typenane T, typename U> struct nultiplies;

tenpl at e<typenane T, typename U> struct divides;

tenpl at e<typenane T, typename U> struct nodul us;

tenpl at e<typenane T, typename U> struct plus;

tenpl at e<typenane T, typename U> struct m nus;

tenpl at e<typenane T, typename U> struct |ess;

tenpl at e<typenanme T, typename U> struct greater;

tenpl at e<typenane T, typename U> struct |ess_equal;

tenpl at e<typenanme T, typenanme U> struct greater_equal;
tenpl at e<typenanme T, typename U> struct equal _to;

tenpl at e<typenanme T, typename U> struct not_equal _to;
tenpl at e<typenane T, typename U> struct |ogical _or;

tenpl at e<typenane T, typename U> struct | ogical _and;

tenpl at e<typenane T, typename U> struct bitw se_and;

tenpl at e<typenane T, typename U> struct bitw se_or;

tenpl at e<typenane T, typename U> struct bitw se_xor;

tenpl at e<typenane T, typename U> struct conmmg;

tenpl at e<typenane T, typename U> struct nemptr;

tenpl at e<typenanme T, typename U> struct assign;

tenpl at e<typenane T, typename U> struct shift_|eft_assign;
tenpl at e<typenane T, typename U> struct shift_right_assign;
tenpl at e<typenane T, typename U> struct nultiplies_assign;
tenpl at e<typenane T, typename U> struct divides_assign;
tenpl at e<typenane T, typename U> struct nodul us_assign;
tenpl at e<typenane T, typename U> struct plus_assign;

tenpl at e<typenane T, typenanme U> struct m nus_assign;
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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
t enpl at e<t ypenane
t enpl at e<t ypenane
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:
as_expr (T const
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
t ypenane prot o:

t enpl at e<t ypenane

typenanme proto::result_of::child<

t enpl at e<t ypenane

typenanme proto::result_of::child<

——

Tag,
Tag,
Tag,

T>

typenane U> struct
typenane U> struct
typenane U> struct

typenane U> struct

bi twi se_and_assi gn;
bi twi se_or_assign;
bi twi se_xor _assi gn;
subscri pt;

.. A> struct function;
Tag, typenane T> struct nullary_expr;

typenane T,
typenane. . .
struct is_expr;

Expr> struct tag_of;
Expr> struct arity_of;

T>

typenanme T> struct
typenanme U> struct
A> struct nary_expr;

unary_expr;
bi nary_expr;

result_of::as_expr< T > :type as_expr(T & ;

T>

result_of::as_expr< T const >::type as_expr(T const &);

Donai n,

typenane T>

result_of::as_expr< T, Domain >::type as_expr(T &);

Domai n,
result_of::as_expr< T const,

&) ;
T>

t ypenane T>

result_of::as_child<

T>

result_of::as_child<

Donmai n,

typenane T>

result_of::as_child<

Donai n,

t ypenane T>

result_of::as_child<
as_child(T const &);

N,

N,

typenane Expr>

typenane Expr>

chil d( Expr const &);
t enpl at e<t ypenane Expr>

typenanme proto::result_of::child<

t enpl at e<t ypenane Expr>

typenanme proto::result_of::child<

chi |l d(Expr const &);

tenpl at e<l ong N,

typenane Expr>

Expr &

Expr

Expr

Expr

Domei n >::type

T > :type as_child(T &);
T const >::type as_child(T const &);
T, Domain >::type as_child(T &);

T const, Domain >::type

N >::type child(Expr &);

const & N >::type

& > :type chil d(Expr &);

const & >::type

typenane proto::result_of::child_c< Expr & N >::type child_c(Expr &) ;

tenpl at e<l ong N,

typenane Expr>

typenanme proto::result_of::child_c< Expr const & N >::type
child_c(Expr const &);
t enpl at e<t ypenane Expr>

typenane proto::result_of:

t enpl at e<t ypenane Expr>

typenane proto::result_of:

val ue( Expr const &);
Expr >

t enpl at e<t ypenane
typenane proto::
t enpl at e<t ypenane
t ypenane prot o:
t enpl at e<t ypenane
typenane proto::
t enpl at e<t ypenane
typenane proto::

result_of::

| eft < Expr

Expr >

:result_of::

| eft < Expr

Expr >

result_of::

Expr >

result_of::

ri ght (Expr const &);
nanespace functional

{

t enpl at e<t ypenane Domain =
t enpl at e<t ypenane Domain =

proto: : def
proto: : def

tenpl ate<l ong N> struct child_c;

:val ue< Expr & >::type val ue( Expr &);

:val ue< Expr const & >::type

& > :type left(Expr &);

const & >::type |left(Expr const &);

right< Expr & >::type right(Expr &);

ri ght< Expr const & >::type

aul t _donmi n> struct as_expr;
aul t _donmi n> struct as_child;
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tenpl ate<typenane N = npl::long_<0> > struct child
struct val ue
struct left;
struct right;
}
nanmespace result_of {
tenpl at e<typenane T, typenanme Domain = proto::default_domain>
struct as_expr;
tenpl at e<typenane T, typenanme Domain = proto::default_donmain>
struct as_child
tenpl at e<t ypenane Expr, typenane N = npl::long_<0> > struct child
t enpl at e<t ypenane Expr> struct val ue
tenpl at e<t ypenane Expr> struct left;
t enpl at e<t ypenane Expr> struct right
tenpl at e<typenane Expr, long N> struct child_c

Struct template as_expr

boost::proto::functional::as_expr — A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : as_expr () function.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Domai n = proto::defaul t_domai n>
struct as_expr : proto::callable {

/'l menber classes/structs/unions

tenpl at e<t ypenane This, typenane T>

struct result<This(T)>: proto::result_of::as_expr< typenane renove_reference< T >::type, Dol
main >

{

b

/1 public menber functions

t enpl at e<t ypenane T>
typename proto::result_of::as_expr< T, Domain >::type
operator()(T & const

t enpl at e<t ypenane T>
typename proto::result_of::as_expr< T const, Domain >::type
operator () (T const &) const

Description

as_expr public member functions

t enpl at e<t ypenane T>
typename proto::result_of::as_expr< T, Domain >::type
operator()(T & t) const;

Wrap an object in a Proto terminal if it isn't a Proto expression already.
Parameters: t  Theobject to wrap.
Returns: proto::as_expr<Domai n>(t)
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t enpl at e<t ypenane T>
typenanme proto::result_of::as_expr< T const, Domain >::type
operator()(T const & t) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(T)>

boost::proto::functional::as_expr::result<This(T)>
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane This, typenane T>
struct result<This(T)>
proto::result_of::as_expr< typenane renove_reference< T >::type, Domain >
{
b

Struct template as_child

boost::proto::functional::as_child— A callable PolymorphicFunctionObject that isequivalent tothepr ot o: : as_chi | d() function.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Domain = proto::defaul t_domai n>
struct as_child : proto::callable {

/'l menber classes/structs/unions

tenpl at e<typenane This, typenane T>

struct result<This(T)>: proto::result_of::as_child< typenane renmove_reference< T >::type, DoO
main >

{

b

/1 public menber functions

t enpl at e<t ypenane T>
typename proto::result_of::as_child< T, Domain >::type
operator()(T & const

t enpl at e<t ypenane T>
typename proto::result_of::as_child< T const, Domain >::type
operator () (T const &) const

Description

as_chi | d public member functions

t enpl at e<t ypenane T>
typenanme proto::result_of::as_child< T, Domain >::type
operator()(T & t) const;
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Wrap an object in a Proto terminal if it isn't a Proto expression already.
Parameters: t  Theobject to wrap.
Returns: proto::as_chil d<Domai n>(t)

t enpl at e<t ypenane T>
typenanme proto::result_of::as_child< T const, Domain >::type
operator()(T const & t) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(T)>

boost::proto::functional::as_child::result<This(T)>
Synopsis
/'l In header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme Thi s, typename T>
struct result<This(T)> :
proto::result_of::as_child< typenane renove_reference< T >::type, Domain >
{
H

Struct template child_c

boost::proto::functional::child_c— A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : chi | d_c() function.
Synopsis

/1 1n header: <boost/proto/traits.hpp>

t enpl at e<l ong N>
struct child_c : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::child_c< Expr, N > {
b

/1 public nmenber functions

t enpl at e<t ypenane Expr>
typenanme proto::result_of::child_c< Expr & N >::type
operator () (Expr & const;

t enpl at e<t ypenane Expr>
typenanme proto::result_of::child_c< Expr const & N >::type
operator()(Expr const & const;
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Description
chi | d_c public member functions

L t enpl at e<t ypenane Expr>

typename proto::result_of::child_c< Expr & N >::type
operator () (Expr & expr) const;

Return the N child of the given expression.

Parameters: expr  Theexpression node.
Requires: proto::is_expr<Expr>::val ueistrue

N < Expr::proto_arity::val ue
Returns: proto::child_c<N>(expr)
Throws: Will not throw.

t enpl at e<t ypenane Expr>
typename proto::result_of::child_c< Expr const & N >::type
operator () (Expr const & expr) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(Expr)>
boost::proto::functional::child_c::result<This(Expr)>
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane This, typenane Expr>

struct result<This(Expr)> : proto::result_of::child_c< Expr, N > {
b

Struct template child

boost::proto::functional::child — A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : chi | d() function.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane N = npl::1ong_<0> >
struct child : proto::callable {
/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::child< Expr, N > {
b

/1 public nmenber functions

t enpl at e<t ypenane Expr>
typenanme proto::result_of::child< Expr & N >::type
operator () (Expr & const;

t enpl at e<t ypenane Expr>
typenane proto::result_of::child< Expr const & N >::type
operator () (Expr const & const;

Description

A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : chi | d() function. N is reguired to be an MPL Integral
Constant.

chi | d public member functions

L t enpl at e<t ypenane Expr>

typename proto::result_of::child< Expr & N >::type
operator () (Expr & expr) const;

Return the N child of the given expression.

Parameters: expr  Theexpression node.
Requires: proto::is_expr<Expr>::val ueistrue

N::value < Expr::proto_arity::value
Returns: proto::chil d<N>(expr)
Throws: Will not throw.

t enpl at e<t ypenane Expr>
typenane proto::result_of::child< Expr const & N >::type
operator () (Expr const & expr) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(Expr)>

boost::proto::functional::child::result<This(Expr)>
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Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::child< Expr, N > {
b

Struct value

boost::proto::functional::value — A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : val ue() function.
Synopsis
/1 1n header: <boost/proto/traits.hpp>

struct value : proto::callable {
/'l menber cl asses/structs/unions
t enpl at e<t ypenane Thi s, typenane Expr>
struct result<This(Expr)> : proto::result_of::value< Expr > {

b

/'l public menber functions
t enpl at e<t ypenanme Expr>

typenanme proto::result_of::value< Expr & >::type operator()(Expr & const;
t enpl at e<t ypenane Expr>

typenane proto::result_of::value< Expr const & >::type

operator () (Expr const &) const;

Description

val ue public member functions

t enpl at e<t ypenane Expr>
typenanme proto::result_of::value< Expr & > :type
operator () (Expr & expr) const;

Return the value of the given terminal expression.
Parameters: expr  Theterminal expression node.
Requires: proto::is_expr<Expr>::val ueistrue

0 == Expr::proto_arity::value
Returns: proto::val ue(expr)
Throws: Will not throw.

t enpl at e<t ypenanme Expr>
typename proto::result_of::value< Expr const & >::type
operator () (Expr const & expr) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.
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Struct template result<This(Expr)>

boost::proto::functional::value::resul t<This(Expr)>
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane This, typenane Expr>

struct result<This(Expr)> : proto::result_of::value< Expr > {
}
Struct left

boost::proto::functional::left — A callable PolymorphicFunctionObject that is equivalent to the prot o: : | ef t () function.
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

struct left : proto::callable {
/1 menber cl asses/structs/unions
tenpl at e<t ypenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::left< Expr > {

b

/1 public nmenber functions
t enpl at e<t ypenane Expr>

typename proto::result_of::left< Expr & >::type operator()(Expr & const;
t enpl at e<t ypenane Expr>

typename proto::result_of::left< Expr const & >::type

operator () (Expr const &) const;

Description

I ef t public member functions

t enpl at e<t ypenanme Expr>
typenanme proto::result_of::left< Expr & > :type
operator () (Expr & expr) const;

Return the left child of the given binary expression.

Parameters: expr  Theexpression node.
Requires: proto::is_expr<Expr>::val ueistrue

2 == Expr::proto_arity::val ue
Returns: proto::left(expr)
Throws: Will not throw.

t enpl at e<t ypenane Expr>
typenanme proto::result_of::left< Expr const & >::type
operator () (Expr const & expr) const;
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This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.
Struct template result<This(Expr)>

boost::proto::functional::1eft::result<This(Expr)>
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::left< Expr > {

I

Struct right

boost::proto::functional::right — A callable PolymorphicFunctionObject that is equivalent to the pr ot o: : ri ght () function.
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

struct right : proto::callable {
/'l menber classes/structs/unions
tenpl at e<t ypenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::right< Expr > {
b

/1 public nmenber functions
t enpl at e<t ypenane Expr>

typename proto::result_of::right< Expr & >::type operator()(Expr & const;
t enpl at e<t ypenane Expr>

typename proto::result_of::right< Expr const & >::type

operator () (Expr const &) const;

Description

ri ght public member functions

t enpl at e<t ypenane Expr>
typename proto::result_of::right< Expr & >::type
operator()(Expr & expr) const;

Return the right child of the given binary expression.

Parameters: expr  Theexpression node.
Requires: proto::is_expr<Expr>::val ueistrue

2 == Expr::proto_arity::val ue
Returns: proto::right(expr)
Throws: Will not throw.
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t enpl at e<t ypenane Expr>
typenane proto::result_of::right< Expr const & >::type
operator () (Expr const & expr) const;

Struct template result<This(Expr)>

boost::proto::functional::right::result<This(Expr)>
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> : proto::result_of::right< Expr > {

};

Struct template as_expr

boost::proto::result_of::as expr — A metafunction that computes the return type of the pr ot o: : as_expr () function.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>
tenpl ate<typenane T, typenane Domain = proto::default_domain>
struct as_expr {

/'l types

typedef typenane Dommin::tenplate as_expr< T >::result_type type;
¥

Description

Theproto:: resul t_of :: as_expr <> metafunction turns types into Proto expression types, if they are not aready, in adomain-
specific way. It isintended for useto compute the type of alocal variablethat can hold theresult of thepr ot o: : as_expr () function.

Seeprot o: : donai n: : as_expr <> for acomplete description of the default behavior.

Struct template as_child

boost::proto::result_of::as child — A metafunction that computes the return type of the pr ot o: : as_chi | d() function.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane T, typenane Domain = proto::default_domain>

struct as _child {

/'l types

typedef typenane Domain::tenplate as_child< T >::result_type type;
b
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Description

Theproto::result_of::as_chi | d<>metafunction turnstypesinto Proto expression types, if they are not already, in adomain-
specific way. It is used by Proto to compute the type of an object to store as a child in another expression node.

Seeproto: : donai n: : as_chi | d<> for acomplete description of the default behavior.

Struct template child

boost::proto::result_of::child — A metafunction that returns the type of the N child of a Proto expression, where N isan MPL In-
tegral Constant.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane N = npl::long_<0> >

struct child : proto::result_of::child_c<Expr, N :value> {
s
Description

proto::result_of::child<Expr, N>isequivaenttoproto::result_of::child_c<Expr, N :value>.

Struct template value

boost::proto::result_of::value— A metafunction that returns the type of the value of aterminal Proto expression.
Synopsis

/'l 1n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>
struct val ue {

/'l types
typedef typenane Expr::proto_child0 val ue_type;
t ypedef see-bel ow type;
b
Description

val ue public types
1. typedef typename Expr::proto_childO value_type;

Theraw type of the value asit is stored within Expr . This may be avalue or areference.
2. typedef see- bel owtype;

If Expr isnot areferencetype, t ype is computed as follows:

e T const (&[N becomesT[ N|

e T[N becomesT[ N|

* T(& [N becomesT[ N|
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R(&) (A...) becomesR(&) (A...)

* T const &becomesT

T &becomesT

e ThecomesT

If Expr isanon-const reference type, t ype is computed as follows:
* T const (&[N becomesT const (&[N

e T[N] becomesT(&) [N

T(& [ N] becomesT(&) [ N|

R(&) (A...) becomesR(&) (A...)

e T const &becomesT const &

* T &becomesT &

* T hecomesT &

If Expr isaconst referencetype, t ype is computed as follows:
* T const (&[N becomesT const (&[N

e T[N] becomesT const (&[N

T(& [N becomesT(& [N

R(&) (A ..) becomesR(&) (A...)
e T const &becomesT const &
e T &becomesT &

e ThecomesT const &

Struct template left

boost::proto::result_of::left — A metafunction that returns the type of the left child of abinary Proto expression.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>

struct left : proto::result_of::child_c< Expr, 0 > {
i
Description

proto::result_of::left<Expr>isequivalenttoproto::result_of::child_c<BExpr, 0>.

Struct template right

boost::proto::result_of::right — A metafunction that returns the type of the right child of abinary Proto expression.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>

struct right : proto::result_of::child_c< Expr, 1 > {
H
Description

proto::result_of::right<Expr>isequivalenttoproto::result_of::child_c<Expr, 1>.

Struct template child_c

boost::proto::result_of::child ¢ — A metafunction that returns the type of the N child of a Proto expression.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, |ong N>
struct child_c {

/'l types
t ypedef typenane Expr::proto_chil d0 val ue_type;
t ypedef see-bel ow type;
b
Description

A metafunction that returns the type of the N™ child of aProto expression. Nmust be O or lessthan Expr: : proto_arity: : val ue.
chil d_c public types
1. typedef typename Expr::proto_childO value_type;

Theraw type of the N child asit is stored within Expr . Thismay be avalue or areference.
2. typedef see- bel owtype;

If Expr isnot areferencetype, t ype iscomputed as follows:

* T const &becomesT

* T &becomesT

* T becomesT

If Expr isanon-const reference type, t ype is computed as follows:

e T const &becomesT const &

* T &becomesT &

* T becomesT &

If Expr isaconst referencetype, t ype is computed as follows:

e T const &becomesT const &
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e T &becomesT &

e ThecomesT const &

Struct template is_callable

boost::proto::is_callable — Boolean metafunction which tells whether atype is a callable PolymorphicFunctionObject or not.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct is_callable : npl::bool_<true-or-fal se> {
b
Description

proto::is_callabl e<> isused by the prot o: : when<> transform to determine whether a function type R(A, . .. A,) isa
CallableTransform or an ObjectTransform. The former are evaluated using pr ot o: : cal | <> and the later with pr ot o: : make<>.
If proto::is_callabl e<R>::val ueistrue, the function typeis a CallableTransform; otherwise, it is an ObjectTransform.

Unless speciaized for atype T, prot o: : i s_cal | abl e<T>: : val ue is computed as follows:

o If T is a template type X<Y, ... Y,>, where al Y, are types for x in [0, n], proto::is_callabl e<T>::val ue is
boost::is_sanme<Y,, proto::callable>::value.

e If Tisderivedfromproto::callable,proto::is_callabl e<T>::val ueistrue.

e Otherwise, proto::is_call abl e<T>::val ue isfal se.

Struct template is_transform

boost::proto::is_transform — Boolean metafunction which tells whether atype is a PrimitiveTransform or not.
Synopsis

/'l 1n header: <boost/proto/traits.hpp>
t enpl at e<t ypenane T>
struct is_transform: npl::bool_<true-or-false> {
b
Description

proto::is_transform>isusedbythepr ot o: : make<> transform to determine whether atype Rrepresents a PrimitiveTransform
to apply, or whether it merely represents itself.

It isalso used by the pr ot o: : cal | <> transform to determine whether the function types R() , R( A1), and R( A1, A2) should be
passed the expression, state and data parameters (as needed).

Unless specialized for atype T, prot o: : i s_t ransf or nxT>: : val ue is computed as follows:

o If T is aclass type that inherits directly or indirectly from an instantiation of proto: :transform<>, proto::is_trans-
formxT>: : val ueistrue.
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e Otherwise, proto::is_transfornxT>::val ueisfal se.

Struct template is_aggregate

boost::proto::is_aggregate — A Boolean metafunction that indicates whether a type requires aggregate initialization.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct is_aggregate : npl::bool_<true-or-false> {
b
Description

proto::is_aggregate<> isused by the prot o: : make<> transform to determine how to construct an object of some type T,
given some initialization arguments ag, . . . a,. If proto: : i s_aggregat e<T>: : val ue ist r ue, then an object of type T will be
initializedasT t = {ag, ...a,};.Otherwise, it will beinitidizedasT t(ag, ... a,).

Note: pr ot o: : expr <> and pr ot o: : basi c_expr <>are aggregates.

Struct template terminal

boost::proto::terminal — A metafunction for generating terminal expression types, agrammar element for matching terminal expres-
sions, and a PrimitiveTransform that returns the current expression unchanged.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct terminal : proto::transfornk termnal <T> > {
/'l types
typedef proto::expr< proto::tag::termnal, proto::term< T > > type;

typedef proto::basic_expr< proto::tag::termnal, proto::term< T > > proto_granmar;

/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transforminpl< Expr, State, Data > {
/'l types
t ypedef Expr result_type;

/1 public menber functions
Expr operator()(typename inpl::expr_param typenane inpl::state_param
typenane i npl::data_param const;

Description

Struct template impl

boost::proto::terminal::impl
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Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef Expr result_type

/1 public nmenber functions

Expr operator()(typename inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

L Expr operator()(typenane inpl::expr_param expr, typenane inpl::state_param

typenane inpl::data_param const;

Parameters: expr  Thecurrent expression

Requires: proto:: mat ches<Expr, proto::termnal <T> >::val ueistrue.
Returns: expr

Throws: Will not throw.

Struct template if_else_

boost::proto::if_else — A metafunction for generating ternary conditional expression types, agrammar element for matching ternary
conditional expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.

Synopsis

/'l 1n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U, typename V>

struct if_else_: proto::transfornc if_else_<T, U V> > {
/'l types
typedef proto::expr< proto::tag::if_else_, proto::list3< T, U V > > type
typedef proto::basic_expr< proto::tag::if_else_, proto::list3< T, U V > > proto_granmar;

/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<if_else_>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::if_else ::impl
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Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<if_else_>::tenplate inpl<Expr, State, Data>
{
b

Struct template unary_plus

boost::proto::unary_plus— A metafunction for generating unary plus expression types, agrammar element for matching unary plus
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.

Synopsis

/'l 1n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct unary_plus : proto::transform< unary_plus<T> > {
/'l types
typedef proto::expr< proto::tag::unary_plus, proto::listl< T > > type
typedef proto::basic_expr< proto::tag::unary_plus, proto::listl< T > > proto_granmar

/1 menber cl asses/structs/unions
t enpl at e<t ypenanme Expr, typenane State, typenanme Data>
struct inpl
proto: : pass_t hrough<unary_pl us>:: tenpl ate i npl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::unary_plus::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<unary_plus>::tenplate inpl <Expr, State, Data>
{
3
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Struct template negate

boost::proto::negate — A metafunction for generating unary minus expression types, agrammar element for matching unary minus
expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct negate : proto::transform< negate<T> > {
/'l types
typedef proto::expr< proto::tag::negate, proto::listl< T > > type
typedef proto::basic_expr< proto::tag::negate, proto::listl< T > > proto_granmmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<negate>::tenplate inpl <Expr, State, Data>
{
}
}

Description
Struct template impl
boost::proto::negate::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<negate>::tenplate inpl<Expr, State, Data> {
b

Struct template dereference

boost::proto::dereference — A metafunction for generating defereference expression types, a grammar element for matching
dereference expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct dereference : proto::transfornx dereference<T> > {
/'l types
typedef proto::expr< proto::tag::dereference, proto::listl< T > > type;
typedef proto::basic_expr< proto::tag::dereference, proto::listl< T > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<deref erence>::tenplate i npl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::dereference::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<der ef erence>::tenplate i npl <Expr, State, Data>
{

}

Struct template complement

boost:: proto::complement — A metafunction for generating complement expression types, agrammar element for matching complement
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct conplenment : proto::transform< conpl enment <T> > {
/'l types
typedef proto::expr< proto::tag::conplenment, proto::listl< T > > type;
typedef proto::basic_expr< proto::tag::conplenment, proto::listl< T > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<conpl enent >: :tenpl ate i npl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::complement::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<conpl enent >: :tenpl ate i npl <Expr, State, Data>
{

}

Struct template address_of

boost::proto::address of — A metafunction for generating address_of expression types, agrammar element for matching address_of
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct address_of : proto::transfornm< address_of <T> > {
/'l types
typedef proto::expr< proto::tag::address_of, proto::listl< T > > type;
typedef proto::basic_expr< proto::tag::address_of, proto::listl< T > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<address_of > :tenpl ate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::address of::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<address_of > :tenplate i npl <Expr, State, Data>
{

}

Struct template logical _not

boost::proto::logical_not — A metafunction for generating logical_not expression types, agrammar element for matching logical_not
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct logical _not : proto::transfornx |ogical_not<T> > {
/'l types
typedef proto::expr< proto::tag::logical_not, proto::listl< T > > type;
typedef proto::basic_expr< proto::tag::logical_not, proto::listl< T > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<l ogi cal _not>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::logical_not::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<l ogi cal _not>::tenplate inpl <Expr, State, Data>
{

}

Struct template pre_inc

boost::proto::pre_inc— A metafunction for generating pre-increment expression types, agrammar element for matching pre-increment
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct pre_inc : proto::transfornx pre_inc<T> > {
/'l types
typedef proto::expr< proto::tag::pre_inc, proto::listl< T > > type
typedef proto::basic_expr< proto::tag::pre_inc, proto::listl< T > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<pre_inc>::tenplate inpl <Expr, State, Data>
{
I
I

Description
Struct template impl
boost::proto::pre_inc::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<pre_inc>::tenplate inpl<Expr, State, Data> {
b

Struct template pre_dec

boost::proto::pre_dec — A metafunction for generating pre-decrement expression types, a grammar element for matching pre-
decrement expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/'l I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct pre_dec : proto::transfornx pre_dec<T> > {
/'l types
typedef proto::expr< proto::tag::pre_dec, proto::listl< T > > type
typedef proto::basic_expr< proto::tag::pre_dec, proto::listl< T > > proto_granmar

/1 menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<pre_dec>::tenplate inpl <Expr, State, Data>
{
}s
}s
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Description

Struct template impl

boost::proto::pre_dec::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<pre_dec>::tenplate inpl<Expr, State, Data> {
b

Struct template post_inc

boost::proto::post_inc — A metafunction for generating post-increment expression types, agrammar element for matching post-in-
crement expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct post_inc : proto::transforn< post_inc<T> > {
/'l types
typedef proto::expr< proto::tag::post_inc, proto::listl< T > > type;
typedef proto::basic_expr< proto::tag::post_inc, proto::listl< T > > proto_gramrar,;

/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<post _inc>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::post_inc::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<post _inc>::tenplate inpl <Expr, State, Data>
{
b
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Boost.Proto

Struct template post_dec

boost::proto::post_dec — A metafunction for generating post-decrement expression types, a grammar element for matching post-
decrement expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct post_dec : proto::transforn< post_dec<T> > {
/'l types
typedef proto::expr< proto::tag::post_dec, proto::listl< T > > ad
type;
t ypedef
proto::basic_expr< proto::tag::post_dec, proto::listl< T > >

prot o_granmar ;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<post _dec>::tenplate inpl <Expr, State, Data>
{
}
}

Description

Struct template impl

boost::proto::post_dec::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto: : pass_t hrough<post _dec>::tenplate inpl <Expr, State, Data>
{
b

Struct template shift_left

boost::proto::shift_left — A metafunction for generating left-shift expression types, a grammar element for matching left-shift ex-
pressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct shift_left : proto::transform< shift_left<T, U > {
/'l types
typedef proto::expr< proto::tag::shift_left, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::shift_left, proto::list2< T, U > > proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<shift _left> :tenplate inpl<Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::shift_left::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_through<shift_left> :tenplate inpl<Expr, State, Data>
{

}

Struct template shift_right

boost::proto::shift_right — A metafunction for generating right-shift expression types, a grammar element for matching right-shift
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct shift_right : proto::transform shift_right<T, U> > {
/'l types
typedef proto::expr< proto::tag::shift_right, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::shift_right, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<shift_right>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::shift_right::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<shift_right>::tenplate inpl <Expr, State, Data>
{

}

Struct template multiplies

boost::proto::multiplies — A metafunction for generating multiplies expression types, a grammar element for matching multiplies
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct nultiplies : proto::transform< nultiplies<T, U > {
/'l types
typedef proto::expr< proto::tag::nultiplies, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::multiplies, proto::list2< T, U > > proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<nultiplies> :tenplate inpl<Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::multiplies::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_through<nultiplies> :tenplate inpl<Expr, State, Data>
{

}

Struct template divides

boost::proto::divides— A metafunction for generating divides expression types, agrammar el ement for matching divides expressions,
and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct divides : proto::transforn< divides<T, U> > {
/'l types
typedef proto::expr< proto::tag::divides, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::divides, proto::list2< T, U > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<di vi des>::tenpl ate i npl <Expr, State, Data>
{
b
b

Description
Struct template impl
boost::proto::divides::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<divides>::tenplate inpl<Expr, State, Data> {
b

Struct template modulus

boost::proto::modulus — A metafunction for generating modulus expression types, a grammar element for matching modulus ex-
pressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/'l I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U>

struct nmodulus : proto::transform< nodul us<T, U> > {
/'l types
typedef proto::expr< proto::tag::nodulus, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::nodulus, proto::list2< T, U > > proto_granmar;

/1 menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<nodul us>::tenpl ate i npl <Expr, State, Data>
{
}s
}s
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Boost.Proto

Description

Struct template impl

boost::proto::modulus::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<nodul us>::tenplate inpl <Expr, State, Data> {
b

Struct template plus

boost::proto::plus— A metafunction for generating binary plus expression types, a grammar element for matching binary plus ex-
pressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane T, typenane U>

struct plus @ proto::transfornx plus<T, U> > {
/'l types
typedef proto::expr< proto::tag::plus, proto::list2< T, U> > type
typedef proto::basic_expr< proto::tag::plus, proto::list2< T, U > > proto_granmar

/1 menber cl asses/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::pass_through<plus>::tenplate inpl<Expr, State, Data> {
b

b

Description

Struct template impl
boost::proto::plus::impl
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<plus>::tenplate inpl<Expr, State, Data> {
b
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Boost.Proto

Struct template minus

boost::proto::minus— A metafunction for generating binary minus expression types, agrammar element for matching binary minus
expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U>

struct minus : proto::transform< mnus<T, U > {
/'l types
typedef proto::expr< proto::tag::mnus, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::mnus, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenanme Expr, typenane State, typenane Data>

struct inpl : proto::pass_through<m nus>::tenplate inpl<Expr, State, Data> {
b
b
Description

Struct template impl

boost::proto::minus::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<m nus>::tenplate inpl<Expr, State, Data> {
b

Struct template less

boost::proto::less — A metafunction for generating less expression types, a grammar element for matching less expressions, and a
PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct less : proto::transfornx | ess<T, U> > {
/'l types
typedef proto::expr< proto::tag::less, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::less, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::pass_through<less>: :tenplate inpl<Expr, State, Data> {
b
b
Description

Struct template impl

boost::proto::less::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<less>::tenplate inpl<Expr, State, Data> {
b

Struct template greater

boost::proto::greater — A metafunction for generating greater expression types, agrammar e ement for matching greater expressions,
and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U>

struct greater : proto::transfornx greater<T, U> > {
/'l types
typedef proto::expr< proto::tag::greater, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::greater, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenanme Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<greater>::tenplate inpl <Expr, State, Data>
{
};
};
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Description

Struct template impl

boost::proto::greater::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<greater>::tenplate inpl<Expr, State, Data> {
b

Struct template less_equal

boost::proto::less equal — A metafunction for generating less-or-equal expression types, agrammar element for matching less-or-
equal expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane T, typenane U>

struct less_equal : proto::transforn< | ess_equal <T, U> > {
/'l types
typedef proto::expr< proto::tag::less_equal, proto::list2< T, U > > type;
typedef proto::basic_expr< proto::tag::less_equal, proto::list2< T, U > > proto_grammar;

/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<l ess_equal >::tenpl ate i npl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::less equal::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<l ess_equal >::tenpl ate i npl <Expr, State, Data>
{
b
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Struct template greater_equal

boost::proto::greater_equal — A metafunction for generating greater-or-equal expression types, a grammar element for matching
greater-or-equal expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U>

struct greater_equal : proto::transforn< greater_equal <T, U> > {
/'l types
typedef proto::expr< proto::tag::greater_equal, proto::list2< T, U> > type
typedef proto::basic_expr< proto::tag::greater_equal, proto::list2< T, U > > proto_grammar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<greater_equal >::tenpl ate i npl <Expr, State, Data>
{
}
}

Description

Struct template impl

boost::proto::greater_equal::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<greater_equal >::tenplate i npl <Expr, State, Data>
{
b

Struct template equal_to

boost::proto::equal_to — A metafunction for generating equal-to expression types, agrammar element for matching equal-to expres-
sions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct equal _to : proto::transfornm< equal _to<T, U> > {
/'l types
typedef proto::expr< proto::tag::equal _to, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::equal _to, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<equal _to>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::equal_to::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<equal _to>::tenplate inpl <Expr, State, Data>
{

}

Struct template not_equal_to

boost::proto::not_equal_to — A metafunction for generating not-equal-to expression types, a grammar element for matching not-
equal-to expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.

292

render

httpo://www.renderx.com/


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

Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct not_equal _to : proto::transform< not_equal _to<T, U> > {
/'l types
typedef proto::expr< proto::tag::not_equal _to, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::not_equal to, proto::list2< T, U > > proto_granmmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<not_equal _to>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::not_equal_to::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<not _equal _to>::tenplate inpl <Expr, State, Data>
{

}

Struct template logical_or

boost::proto::logical_or — A metafunction for generating logical-or expression types, a grammar element for matching logical-or
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct logical _or : proto::transform< |logical _or<T, U > {
/'l types
typedef proto::expr< proto::tag::logical_or, proto::list2< T, U > > type;
typedef proto::basic_expr< proto::tag::logical_or, proto::list2< T, U > > proto_gramar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<l ogi cal _or>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::logical_or::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<l ogi cal _or>::tenplate inpl <Expr, State, Data>
{

}

Struct template logical _and

boost::proto::logical_and — A metafunction for generating logical-and expression types, a grammar element for matching logical-
and expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct logical _and : proto::transfornx |ogical _and<T, U> > {
/'l types
typedef proto::expr< proto::tag::logical_and, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::logical_and, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<l ogi cal _and>::tenplate i npl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::logical_and::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<l ogi cal _and>::tenpl ate i npl <Expr, State, Data>
{

}

Struct template bitwise_and

boost::proto::bitwise_and — A metafunction for generating bitwise-and expression types, agrammar element for matching bitwise-
and expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct bitwise_and : proto::transfornx bitw se_and<T, U> > {
/'l types
typedef proto::expr< proto::tag::bitwi se_and, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::bitwise_and, proto::list2< T, U > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<bi twi se_and>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::bitwise_and::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<bi twi se_and>::tenplate inpl <Expr, State, Data>
{

}

Struct template bitwise_or

boost::proto::bitwise_or — A metafunction for generating bitwise-or expression types, a grammar element for matching bitwise-or
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct bitwise or : proto::transfornm< bitwise_or<T, U > {
/'l types
typedef proto::expr< proto::tag::bitwise_or, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::bitwise_or, proto::list2< T, U > > proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<bitw se_or>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::bitwise_or::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<bitw se_or>::tenplate inpl <Expr, State, Data>
{

}

Struct template bitwise_xor

boost::proto::bitwise xor — A metafunction for generating bitwise-xor expression types, agrammar element for matching bitwise-
xor expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

297

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.Proto

Synopsis

/1

In header: <boost/proto/traits. hpp>

t enpl at e<t ypenanme T, typenane U>

st

I

ruct bitwi se_xor : proto::transfornx bitw se_xor<T, U> > {

/'l types

typedef proto::expr< proto::tag::bitw se_xor, proto::list2< T, U> > type

typedef proto::basic_expr< proto::tag::bitwi se_xor, proto::list2< T, U > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<bi twi se_xor>::tenplate inpl <Expr, State, Data>
{
b

Description

/1

Struct template impl

boost::proto::bitwise xor::impl

Synopsis

In header: <boost/proto/traits. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>

st

{
}

ruct inpl
proto:: pass_t hrough<bi twi se_xor>::tenplate inpl <Expr, State, Data>

Struct template comma

boost::proto::comma— A metafunction for generating commaexpression types, agrammar element for matching commaexpressions,
and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>
t enpl at e<typenane T, typenane U>
struct comma : proto::transforng comma<T, U> > {
/'l types
typedef proto::expr< proto::tag::comm, proto::list2< T, U> > type
typedef proto::basic_expr< proto::tag::conmm, proto::list2< T, U > > proto_granmar

/'l menber cl asses/structs/unions

t enpl at e<t ypenanme Expr, typenane State, typenane Data>

struct inpl : proto::pass_through<coma>::tenplate inpl<Expr, State, Data> {
};
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Boost.Proto

Description
Struct template impl
boost::proto::comma::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<conme>::tenplate inpl <Expr, State, Data> {
b

Struct template mem_ptr
boost::proto::mem_ptr
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane T, typenane U>

struct memptr @ proto::transfornm< memptr<T, U> > {
/'l types
typedef proto::expr< proto::tag::nmemptr, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::memptr, proto::list2< T, U > > proto_granmar;

/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_through<nmemptr>::tenplate inpl <Expr, State, Data>
{
b
b

Description
Struct template impl
boost::proto::mem_ptr::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<memptr>::tenplate inpl<Expr, State, Data> {
b
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Boost.Proto

Struct template assign

boost::proto::assign — A metafunction for generating assignment expression types, a grammar element for matching assignment
expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename T, typenane U>

struct assign : proto::transfornm< assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::assign, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::assign, proto::list2< T, U > > proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<assi gn>::tenplate inpl <Expr, State, Data>
{
}
}

Description
Struct template impl
boost::proto::assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<assign>::tenplate inpl<Expr, State, Data> {
b

Struct template shift_left_assign

boost::proto::shift_left_assign — A metafunction for generating | eft-shift-assign expression types, agrammar element for matching
left-shift-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct shift_left_assign : proto::transfornmc shift_left_assign<T, U > {
/'l types
typedef proto::expr< proto::tag::shift_left_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::shift_left_assign, proto::list2< T, U> > proto_gramar;

/'l menber cl asses/structs/unions

t enpl at e<t ypenanme Expr, typenanme State, typenanme Data>
struct inpl

proto::pass_through<shift_left_assign>: :tenplate inpl<Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::shift_left_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_through<shift_left_assign>: :tenplate inpl<Expr, State, Data>
{
b

Struct template shift_right_assign

boost::proto::shift_right assign — A metafunction for generating right-shift-assign expression types, a grammar element for
matching right-shift-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct shift_right_assign : proto::transform< shift_right_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::shift_right_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::shift_right_assign, proto::list2< T, U> > proto_granmar;
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<shift_right_assign>::tenplate inpl <Expr, State, Data>
{
b

b

Description

Struct template impl

boost::proto::shift_right_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<shift_right_assign>::tenplate inpl <Expr, State, Data>
{
b

Struct template multiplies_assign

boost::proto::multiplies_assign — A metafunction for generating multiplies-assign expression types, agrammar el ement for matching
multiplies-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct multiplies_assign : proto::transform< nultiplies_assign<T, U > {
/'l types
typedef proto::expr< proto::tag::nultiplies_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::nultiplies_assign, proto::list2< T, U> > proto_gramar;

/'l menber cl asses/structs/unions

t enpl at e<t ypenanme Expr, typenanme State, typenanme Data>
struct inpl

proto::pass_through<nul tiplies_assign>::tenplate inpl<Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::multiplies_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_through<nul tiplies_assign>: :tenplate inpl<Expr, State, Data>
{

}

Struct template divides_assign

boost::proto::divides_assign — A metafunction for generating divides-assign expression types, a grammar element for matching
divides-assign expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct divides_assign : proto::transform< divides_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::divides_assign, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::divides_assign, proto::list2< T, U > > proto_gramar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<di vi des_assi gn>::tenpl ate i npl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::divides_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<di vi des_assi gn>::tenpl ate i npl <Expr, State, Data>
{

}

Struct template modulus_assign

boost::proto::modulus_assign — A metafunction for generating modulus-assign expression types, agrammar element for matching
modulus-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct nodul us_assign : proto::transform< nodul us_assi gn<T, U> > {
/'l types
typedef proto::expr< proto::tag::nodulus_assign, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::nodulus_assign, proto::list2< T, U > > proto_gramar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<nodul us_assi gn>::tenpl ate i npl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::modulus_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<nodul us_assi gn>::tenpl ate i npl <Expr, State, Data>
{

}

Struct template plus_assign

boost::proto::plus_assign — A metafunction for generating plus-assign expression types, agrammar element for matching plus-assign
expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct plus_assign : proto::transfornx plus_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::plus_assign, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::plus_assign, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<pl us_assi gn>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::plus_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<pl us_assi gn>::tenplate inpl <Expr, State, Data>
{

}

Struct template minus_assign

boost::proto::minus_assign— A metafunction for generating minus-assign expression types, agrammar e ement for matching minus-
assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct mnus_assign : proto::transform< mnus_assi gn<T, U> > {
/'l types
typedef proto::expr< proto::tag::mnus_assign, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::mnus_assign, proto::list2< T, U > > proto_granmar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<m nus_assi gn>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::minus_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<m nus_assi gn>::tenpl ate inpl <Expr, State, Data>
{

}

Struct template bitwise_and_assign

boost::proto::bitwise and_assign — A metafunction for generating bitwise-and-assign expression types, a grammar element for
matching bitwise-and-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct bitw se_and_assign : proto::transfornx bitw se_and_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::bitwi se_and_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::bitwi se_and _assign, proto::list2< T, U> > proto_granmar;
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<bitw se_and_assign>::tenplate inpl <Expr, State, Data>
{
b

b

Description

Struct template impl

boost::proto::bitwise_and_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<bi twi se_and_assign>::tenplate inpl <Expr, State, Data>
{
b

Struct template bitwise _or_assign

boost::proto::bitwise or_assign — A metafunction for generating bitwise-or-assign expression types, a grammar element for
matching bitwise-or-assign expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Boost.Proto

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct bitwise_or_assign : proto::transform< bitw se_or_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::bitwi se_or_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::bitwi se_or_assign, proto::list2< T, U> > proto_gramar;

/'l menber cl asses/structs/unions

t enpl at e<t ypenanme Expr, typenanme State, typenanme Data>
struct inpl

proto::pass_t hrough<bi twi se_or_assign>::tenplate inpl <Expr, State, Data>
{
I
I

Description

Struct template impl

boost::proto::bitwise_or_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<bi twi se_or_assign>::tenplate inpl <Expr, State, Data>
{

}

Struct template bitwise_xor_assign

boost::proto::bitwise xor_assign — A metafunction for generating bitwise-xor-assign expression types, a grammar element for
matching bitwise-xor-assign expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct bitw se_xor_assign : proto::transfornx bitw se_xor_assign<T, U> > {
/'l types
typedef proto::expr< proto::tag::bitw se_xor_assign, proto::list2< T, U> > type; ad
typedef proto::basic_expr< proto::tag::bitw se_xor_assign, proto::list2< T, U> > proto_granmar;
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::pass_through<bitw se_xor_assign>::tenplate inpl <Expr, State, Data>
{
b

b

Description

Struct template impl

boost::proto::bitwise xor_assign::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<bi twi se_xor_assign>::tenplate inpl <Expr, State, Data>
{
b

Struct template subscript

boost::proto::subscript — A metafunction for generating subscript expression types, agrammar element for matching subscript ex-
pressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme T, typenane U>

struct subscript : proto::transfornm< subscript<T, U> > {
/'l types
typedef proto::expr< proto::tag::subscript, proto::list2< T, U> > type;
typedef proto::basic_expr< proto::tag::subscript, proto::list2< T, U > > proto_grammar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<subscript>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::subscript::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto::pass_t hrough<subscript>::tenplate inpl <Expr, State, Data>
{

}

Struct template function

boost::proto::function — A metafunction for generating function-call expression types, a grammar element for matching function-
call expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<typenane. .. A>
struct function : proto::transform< function<A ..> > {
/'l types
typedef proto::expr< proto::tag::function, proto::listN< A .. > > type;
typedef proto::basic_expr< proto::tag::function, proto::listN< A .. > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<function>::tenplate inpl <Expr, State, Data>
{
b
b

Description

Struct template impl

boost::proto::function::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<function>::tenplate inpl <Expr, State, Data>
{

}

Struct template nullary_expr

boost::proto::nullary_expr — A metafunction for generating nullary expression types, a grammar element for matching nullary ex-
pressions, and a PrimitiveTransform that returns the current expression unchanged.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename Tag, typenanme T>

struct nullary_expr : proto::transfornx nullary_expr<Tag, T> > {
/'l types
typedef proto::expr< Tag, proto::termc T > > type;

typedef proto::basic_expr< Tag, proto::term< T > > proto_granmar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef Expr result_type;

/1 public nmenber functions

Expr operator()(typenanme inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

b
b
Description
Useproto::nullary_expr<proto::_, proto::_>asagrammar e ement to match any nullary expression.

Struct template impl

boost::proto::nullary_expr::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types
t ypedef Expr result_type;

/1 public menber functions

Expr operator()(typenane inpl::expr_param typenane inpl::state_param
typenane i npl::data_param const;

Description

i npl public member functions

Expr operator()(typename inpl::expr_param expr, typenane inpl::state_param
typenane inpl::data_param const;
Parameters: expr  Thecurrent expression
Requires: proto:: mat ches<Expr, proto::nullary_expr<Tag, T> >::valueistrue.
Returns: expr
Throws: Will not throw.
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Struct template unary_expr

boost::proto::unary_expr — A metafunction for generating unary expression types with a specified tag type, a grammar element for
matching unary expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename Tag, typename T>

struct unary_expr : proto::transform< unary_expr<Tag, T> > {
/'l types
typedef proto::expr< Tag, proto::listl< T > > type;
typedef proto::basic_expr< Tag, proto::listl< T > > proto_gramar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<unary_expr>::tenplate inpl <Expr, State, Data>

{
b
b
Description
Useproto::unary_expr<proto::_, proto::_>asagrammar element to match any unary expression.

Struct template impl

boost::proto::unary_expr::impl
Synopsis
/'l 1In header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl

proto:: pass_t hrough<unary_expr>::tenpl ate inpl <Expr, State, Data>
{

}

Struct template binary_expr

boost::proto::binary_expr — A metafunction for generating binary expression types with a specified tag type, a grammar element
for matching binary expressions, and a PrimitiveTransform that dispatchesto the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypename Tag, typenane T, typename U>

struct binary_expr : proto::transfornm< binary_expr<Tag, T, U> > {
/'l types
typedef proto::expr< Tag, proto::list2< T, U> > type;
typedef proto::basic_expr< Tag, proto::list2< T, U > > proto_grammar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<bi nary_expr>::tenplate inpl <Expr, State, Data>

{
b
b
Description
Useproto:: binary_expr<proto::_, proto::_, proto::_>asagrammar element to match any binary expression.

Struct template impl

boost::proto::binary_expr::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto:: pass_t hrough<bi nary_expr>::tenplate inpl <Expr, State, Data>
{
b

Struct template nary_expr

boost::proto::nary_expr — A metafunction for generating n-ary expression types with a specified tag type, a grammar element for
matching n-ary expressions, and a PrimitiveTransform that dispatches to the pr ot o: : pass_t hr ough<> transform.
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Synopsis

/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Tag, typenane... A>
struct nary_expr : proto::transform< nary_expr<Tag, A ..> > {
/'l types
typedef proto::expr< Tag, proto::listN< A .. > > type;
typedef proto::basic_expr< Tag, proto::listN< A .. > > proto_grammar;

/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<nary_expr>::tenpl ate inpl <Expr, State, Data>

{
H
H
Description
Useproto::nary_expr<proto::_, proto::vararg<proto::_> > asagrammar element to match any n-ary expression;

that is, any non-terminal.

Struct template impl

boost::proto::nary_expr::impl
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::pass_t hrough<nary_expr>::tenpl ate inpl <Expr, State, Data>
{
b

Struct template is_expr

boost::proto::is_expr — A Boolean metafunction that indicates whether a given type T is a Proto expression type.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>

struct is_expr : npl::bool_<true-or-false> {
s
Description

If T is an instantiation of proto::expr<> or proto::basic_expr<> or is an extension (via proto::extends<> or
BOOST_PROTO_EXTENDS()) of such an instantiation, prot o: : i s_expr <T>: : val ue istrue. Otherwise, proto: :is_ex-
pr<T>::val ueisf al se.
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Struct template tag_of

boost::proto::tag_of — A metafunction that returns the tag type of a Proto expression.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>

struct tag_of {

/'l types

t ypedef typenane Expr::proto_tag type;
b

Struct template arity _of

boost::proto::arity_of — A metafunction that returns the arity of a Proto expression.
Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>
struct arity_of : Expr::proto_arity {
b

Function as_expr

boost::proto::as expr — A function that wraps non-Proto expression types in Proto terminals and leaves Proto expression types
alone.

Synopsis
/'l 1n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane T>
typename proto::result_of::as_expr< T > :type as_expr(T & t);
t enpl at e<t ypenane T>
typename proto::result_of::as_expr< T const >::type as_expr(T const & t);
t enpl at e<t ypenane Domai n, typenane T>
typename proto::result_of::as_expr< T, Domain > :type as_expr(T & t);
t enpl at e<t ypenane Domai n, typenane T>
typename proto::result_of::as_expr< T const, Domain >::type
as_expr(T const & t);

Description

Theprot o: : as_expr () function returns Proto expression objectsthat are suitablefor storagein alocal variable. It turns non-Proto
objectsinto Proto terminals. Its behavior is domain-specific. By default, non-Proto types are wrapped by value (if possible) in anew
Proto terminal expression, and objects that are already Proto expressions are returned by value.

If Domai n is not explicitly specified, it isassumed to be pr ot o: : def aul t _donai n.

Seeprot o: : domai n: : as_expr <> for acomplete description of this function's default behavior.
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Returns: typenanme Domain::tenplate as_expr< T >()(t)

Function as_child

boost::proto::as_child— A function that wraps non-Proto objectsin Proto terminal s (by reference) and leaves Proto expression types

alone.

Synopsis

/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane
typenane proto::
t enpl at e<t ypenane
typenane proto::
t enpl at e<t ypenane
typenane proto::
t enpl at e<t ypenane
typenane proto::

T>

result_of::as_child<
T>

result_of::as_child<
Donei n, typenane T>
result_of::as_child<
Donei n, typenane T>
result_of::as_child<

as_child(T const & t);

Description

T > :type as_child(T & t);
T const >::type as_child(T const & t);
T, Domain > :type as_child(T & t);

T const, Domain >::type

Theproto::as_child() function returns Proto expression objects that are suitable for storage as child nodes in an expression
tree. It turns non-Proto objects into Proto terminals. Its behavior is domain-specific. By default, non-Proto types are held wrapped
by reference in a new Proto terminal expression, and objects that are already Proto expressions are simply returned by reference.

If Domai n is not explicitly specified, it isassumed to be pr ot o: : def aul t _donai n.

Seeproto: : domai n: : as_chi | d<> for acomplete description of this function's default behavior.

Returns: typename Donmin::tenplate as_child< T >()(t)

Function child

boost::proto::child — Return the N child of the specified Proto expression.

Synopsis

/'l 1In header: <boost/proto/traits.hpp>

t enpl at e<t ypenane
t ypenane proto::
t enpl at e<t ypenane
t ypenane proto::

t enpl at e<t ypenane
t ypenane proto::
t enpl at e<t ypenane
t ypenane proto::

N, typename Expr>

result_of::child< Expr & N >::type child(Expr & expr);

N, typenanme Expr>

result _of::child< Expr const & N >::type
chil d( Expr const & expr);

Expr >

result_of::child< Expr & >::type child(Expr & expr);

Expr >

resul t _of::child< Expr const & >::type
chil d( Expr const & expr);

render
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Description

Return the N child of the specified Proto expression. If Nis not specified, asin prot o: : chi | d( expr), then Nis assumed to be
npl : : 1 ong_<0>. The child isreturned by reference.

Parameters: expr  The Proto expression.
Requires: proto::is_expr<Expr>::val ueistrue.

Nisan MPL Integral Constant.

N::value < Expr::proto_arity::value
Returns: A reference to the N child of expr .
Throws: Will not throw.

Function child_c

boost::proto::child_c — Return the N child of the specified Proto expression.
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

tenpl ate<l ong N, typenanme Expr>

typename proto::result_of::child_c< Expr & N > :type child_c(Expr & expr);
tenpl ate<l ong N, typenanme Expr>

typenanme proto::result_of::child_c< Expr const & N > :type

child_c(Expr const & expr);

Description

Return the N child of the specified Proto expression. The child is returned by reference.

Requires: proto::is_expr<Expr>::val ueistrue.

N < Expr::proto_arity::value
Returns: A reference to the N child of expr .
Throws: Will not throw.

Function value

boost::proto::value — Return the val ue stored within the specified Proto terminal expression.
Synopsis
/'l 1In header: <boost/proto/traits.hpp>

t enpl at e<t ypenanme Expr>

typename proto::result_of::value< Expr & > :type val ue(Expr & expr);
t enpl at e<t ypenanme Expr>

typename proto::result_of::value< Expr const & >::type

val ue( Expr const & expr);
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Description

Return the the value stored within the specified Proto terminal expression. The valueis returned by reference.

Requires: 0 == Expr::proto_arity::val ue
Returns: A reference to the terminal's value
Throws: Will not throw.

Function left

boost::proto::left — Return the |eft child of the specified binary Proto expression.
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>

typename proto::result_of::left< Expr & > :type left(Expr & expr);
t enpl at e<t ypenane Expr>

typename proto::result_of::left< Expr const & >::type

| ef t (Expr const & expr);

Description
Return the left child of the specified binary Proto expression. The child is returned by reference.
Requires: proto::is_expr<Expr>::val ueistrue.

2 == Expr::proto_arity::val ue

Returns: A reference to the left child of expr .
Throws: Will not throw.

Function right

boost::proto::right — Return the right child of the specified binary Proto expression.
Synopsis
/1 I'n header: <boost/proto/traits.hpp>

t enpl at e<t ypenane Expr>

typename proto::result_of::right< Expr & >::type right(Expr & expr);
t enpl at e<t ypenane Expr>

typename proto::result_of::right< Expr const & >::type

ri ght (Expr const & expr);

Description

Return the right child of the specified binary Proto expression. The child is returned by reference.

Parameters: expr  The Proto expression.
Requires: proto::is_expr<Expr>::val ueistrue.

2 == Expr::proto_arity::val ue
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Returns: A reference to theright child of expr .
Throws: Will not throw.

Header <boost/proto/transform.hpp>

Includes all the built-in transforms of Proto.

Header <boost/proto/transform/arg.hpp>

Contains definition of the childN transforms and friends.

nanespace boost {
nanespace proto {
struct _expr;
struct _state,;
struct _data;
tenpl ate<int N> struct _child_c;
struct _val ue;
struct _void;
struct _byref;
struct _byval;

Struct _expr

boost::proto::_expr — A PrimitiveTransform that returns the current expression unmodified.
Synopsis
/1 I'n header: <boost/proto/transforn arg. hpp>

struct _expr : proto::transform< _expr > {
/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transform.inpl< Expr, State, Data > {
/Il types
typedef Expr result_type;

/'l public menmber functions
Expr operator()(typename inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

i
i
Description
Example:
proto::termnal<int>::type i = {42};
proto::termnal<int> :type & j = proto::_expr()(i);
assert( boost::addressof (i) == boost::addressof(j) );
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Struct template impl

boost::proto::_expr::impl
Synopsis
/'l I'n header: <boost/proto/transform arg. hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types

t ypedef Expr result_type;

/1 public nmenber functions
Expr operator()(typenanme inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions
1

Expr operator () (typename inpl::expr_param expr, typenane inpl::state_param
typenane i npl::data_param const;

Returns the current expression.

Parameters: expr  The current expression.
Returns: expr
Throws: Will not throw.

Struct _state

boost::proto::_state— A PrimitiveTransform that returns the current state unmodified.
Synopsis
/1 I'n header: <boost/proto/transforn arg. hpp>

struct _state : proto::transfornm< _state > {
/'l menber cl asses/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types

typedef State result_type;
/1 public menber functions

State operator()(typenane inpl::expr_param typename inpl::state_param
typenane inpl::data_param const;

Description

Example:
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proto::termnal<int> :type i = {42};
char ch = proto:: _state()(i, '"a');
assert( ch == "a' );

Struct template impl

boost::proto::_state::impl
Synopsis
/'l I'n header: <boost/proto/transforn arg. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types

typedef State result_type;
/1 public menber functions

State operator()(typenane inpl::expr_param typenanme inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

State operator () (typenane inpl::expr_param typenane inpl::state_param state,
typenane inpl::data_param const;

Returns the current state.

Parameters: state Thecurrent state.
Returns: state

Throws: Will not throw.

Struct _data

boost::proto::_data— A PrimitiveTransform that returns the current data unmodified. If the data (third) parameter is a transform
environment, it returns the value associated with the pr ot o: : dat a_t ype key. Otherwise, it returns the data parameter unmodified.
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Synopsis
/1 I'n header: <boost/proto/transform arg. hpp>

struct _data : proto::transform< _data > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
npl ::if_c<
proto::is_env<Data>::val ue,
proto::_env_var<proto::data_type>,
proto::_env
>::type::tenplate inpl <Expr, State, Data>
{
b
b

Description

If the data (third) parameter isatransform environment, it returnsthe value associated with the pr ot o: : dat a_t ype key. Otherwise,
it returns the data parameter unmodified.

Example:

proto::termnal<int> :type i = {42};
std::string str("hello");

std::string & d1 = proto:: _data()(i, 'a', str);
assert( &str == &1 );
std::string & d2 = proto:: _data()(i, 'a , (proto::data = boost::ref(str)));

assert( &str == &d2 );

Struct template impl

boost::proto::_data::impl
Synopsis
/'l In header: <boost/proto/transform arg. hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
npl::if_c<
proto::is_env<Data>::val ue,
proto::_env_var<proto::data_type>,
proto::_env
>::type::tenplate inpl <Expr, State, Data>

Struct template child ¢

boost::proto::_child_c— A PrimitiveTransform that returns N-th child of the current expression.
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Synopsis

/1 I'n header: <boost/proto/transform arg. hpp>

tenpl ate<i nt N>
struct _child_c : proto::transform< _child_c<N> > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenanme proto::result_of::child_c< Expr, N > :type result_type;

/1 public nmenber functions

typenanme proto::result_of::child_c< Expr, N > :type

operator () (typenane inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

H
H
Description
Example:
proto::termnal<int> :type i = {42};
proto::termnal<int> :type & j = proto::_child_c<0>()(-i);
assert( boost::addressof (i) == boost::addressof(j) );

Struct template impl

boost::proto::_child_c::impl
Synopsis
/1 I'n header: <boost/proto/transforn arg. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenane proto::result_of::child_c< Expr, N > :type result_type;

/1 public menmber functions
typename proto::result_of::child_c< Expr, N > :type

operator () (typenane inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

typenanme proto::result_of::child_c< Expr, N > :type
operator () (typenane inpl::expr_param expr, typenane inpl::state_param
typenane inpl::data_param const;

Returns the N-th child of expr

325

render

httpo://www.renderx.com/


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

Boost.Proto

Parameters: expr  Thecurrent expression.
Requires: Expr::proto_arity::value > N
Returns: proto::child_c<N>(expr)
Throws: Will not throw.

Struct _value

boost::proto::_value— A PrimitiveTransform that returns the value of the current terminal expression.
Synopsis
/'l I'n header: <boost/proto/transform arg. hpp>

struct _value : proto::transforn< _value > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenane proto::result_of::value< Expr >::type result_type

/1 public nmenber functions

typenane proto::result_of::value< Expr > :type

operator () (typenane inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const

b
b
Description
Example:
proto::termnal<int> :type i = {42};
int j = proto::_value()(i);
assert( 42 ==j )

Struct template impl

boost::proto::_value::impl
Synopsis
/1 I'n header: <boost/proto/transformarg. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types
typedef typenanme proto::result_of::value< Expr > :type result_type

/1 public menber functions

typenanme proto::result_of::value< Expr >::type

operator () (typenanme inpl::expr_param typenane inpl::state_param
typenane inpl::data_param const
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Description

i mpl public member functions

typename proto::result_of::value< Expr >::type
operator () (typenanme inpl::expr_param expr, typenane inpl::state_param
typenane inpl::data_param const;

Returns the value of the specified terminal expression.

Parameters: expr  The current expression.
Requires: Expr::proto_arity::value ==
Returns: proto::val ue(expr)
Throws: Will not throw.

Struct _void

boost::proto::_void — A PrimitiveTransform that does nothing and returns void.
Synopsis
/'l I'n header: <boost/proto/transforn arg. hpp>

struct _void : proto::transform< _void > {
/'l menber cl asses/structs/unions
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transforminpl< Expr, State, Data > {
/'l types
typedef void result_type;

/'l public menber functions

voi d operator () (typenane inpl::expr_param typenane inpl::state_param
typenane i npl::data_param const;

Description

Struct template impl

boost::proto::_void::impl
Synopsis
/1 I'n header: <boost/proto/transforn arg. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl @ proto::transform.inpl< Expr, State, Data > {
/'l types
typedef void result_type;

/1 public menmber functions
voi d operator()(typenane inpl::expr_param typenane inpl::state_param
typenane i npl::data_param const;
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Description

i mpl public member functions

voi d operator () (typenane inpl::expr_param typenane inpl::state_param
typenane i npl::data_param const;

Does nothing.
Throws: Will not throw.

Struct _byref

boost::proto::_byref — A unary callable PolymorphicFunctionObject that wrapsitsargumentinaboost : : r ef er ence_wr apper <>.
Synopsis
/1l I'n header: <boost/proto/transforn arg. hpp>

struct _byref : proto::callable {
/'l menber classes/structs/unions
tenpl at e<t ypenane This, typenane T>
struct result<This(T & > {
/'l types
t ypedef boost::reference_wapper< T > const type;
b
tenpl at e<typenane This, typenane T>
struct result<This(T)> {
/'l types
t ypedef boost::reference_wapper< T const > const type;

b

/'l public menmber functions
t enpl at e<t ypenane T>
boost: :reference_w apper< T > const operator()(T & const;
t enpl at e<t ypenane T>
boost: :reference_w apper< T const > const operator()(T const & const;

b
Description
Example:
proto::termnal<int>::type i = {42};
boost: :reference_w apper<proto::termnal <int>::type> j
= proto::when<proto::_, proto::_byref(_)>()(i);
assert( boost::addressof (i) == boost::addressof(j.get()) );

_byref public member functions

t enpl at e<t ypenane T>
boost: :reference_wapper< T > const operator()(T & t) const;

Wrap the parameter t inaboost : : ref er ence_w apper <>

Parameters: t  Theobject towrap
Returns: boost::ref(t)
Throws: Will not throw.
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t enpl at e<t ypenane T>

boost: :reference_w apper< T const > const operator()(T const & t) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)

it accepts.

Struct template result<This(T &)>

boost::proto::_byref::result<This(T &)>
Synopsis
/1l I'n header: <boost/proto/transform arg. hpp>

tenpl at e<typenane This, typenane T>

struct result<This(T & > {

/'l types

t ypedef boost::reference_wapper< T > const type;

b

Struct template result<This(T)>

boost::proto::_byref::result<Thig(T)>
Synopsis
/1 I'n header: <boost/proto/transforn arg. hpp>

tenpl at e<typenane This, typenane T>

struct result<This(T)> {

/'l types

typedef boost::reference_wapper< T const > const type;

i

Struct _byval

boost::proto::_byval — A unary callable PolymorphicFunctionObject that strips references and boost
from its argument.

::ref erence_w apper <>
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Synopsis
/1 I'n header: <boost/proto/transform arg. hpp>

struct _byval : proto::callable {
/'l menber classes/structs/unions
t enpl at e<t ypenanme Thi s, typename T>
struct result<This(boost::reference_wapper< T >)> : result<This(T)> {
b
t enpl at e<typenanme Thi s, typename T>
struct result<This(T &> : result<This(T)> {
b
t enpl at e<typenanme Thi s, typename T>
struct result<This(T)> {
/'l types
typedef T type
b

/1 public nmenber functions
tenpl at e<typenane T> T operator()(T const &) const;
t enpl at e<t ypenane T>
T operator()(boost::reference_wapper< T > const &) const;

H

Description

Example:

proto::termnal<int> :type i = {42};

int j = 67;

int k = proto::when<proto::_, proto::_byval (proto::_state)>()(i, boost::ref(j));

assert( 67 ==k );
_byval public member functions

tenpl at e<typenane T> T operator()(T const & t) const;

Parameters: t  Theobject to unref
Returns: t
Throws: Will not throw.

t enpl at e<t ypenane T>
T operator()(boost::reference_wapper< T > const & t) const;

This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s)
it accepts.

Struct template result<This(boost::reference_wrapper<T >)>

boost::proto::_byval::result<This(boost::reference_wrapper< T >)>
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Synopsis
/1 I'n header: <boost/proto/transform arg. hpp>

tenpl at e<typenane This, typenane T>
struct result<This(boost::reference_wapper< T >)> : result<This(T)> {

I

Struct template result<This(T &)>

boost::proto::_byval::result<This(T &)>
Synopsis
/'l In header: <boost/proto/transform arg. hpp>

t enpl at e<t ypenane Thi s, typenanme T>
struct result<This(T &> : result<This(T)> {

I

Struct template result<This(T)>

boost::proto::_byval::result<This(T)>
Synopsis
/1 I'n header: <boost/proto/transformarg. hpp>

tenpl at e<t ypenane This, typenane T>
struct result<This(T)> {

/'l types

typedef T type

b

Header <boost/proto/transform/call.npp>

Contains definition of the call<> transform.

nanespace boost {
nanespace proto {
tenpl at e<typenane T> struct call
}
}

Struct template call

boost::proto::call — Make the given CallableTransform into a PrimitiveTransform.
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Synopsis

/'l In header: <boost/proto/transformcall.hpp>

t enpl at e<t ypenane T>
struct call : proto::transfornx call<T> > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef see-bel ow result_type;

/1 public nmenber functions
result_type operator()(typenanme inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description

The purpose of pr ot o: : cal | <>isto annotate atransform as callable so that pr ot o: : when<> knows how to apply it. The template
parameter must be either a PrimitiveTransform or a CallableTransform; that is, afunction type for which the return typeisacallable
PolymorphicFunctionObject.

For the complete description of the behavior of the proto::call <> transform, see the documentation for the nested
proto::call::inpl<> classtemplate.

Struct template impl

boost::proto::call::impl
Synopsis
/'l In header: <boost/proto/transformcall.hpp>

t enpl at e<t ypenanme Expr, typenane State, typenane Data>
struct inmpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef see-bel ow result_type;

/'l public menber functions
result _type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_paran) const;

Description
i mpl public types
1. typedef see- bel owresult_type;

In the description that follows, a type T is determined to model the PrimitiveTransform concept if proto::is_trans-
f or nkT>: : val ue istrue.

proto::call <T>::inpl <Expr, State, Data>:: resul t _t ype iscomputed asfollows:
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e If Tif of theformPrimitiveTransformorPrinmtiveTransforn(),thenresult_typeis

typenane boost::result_of <PrimtiveTransform Expr, State, Data)>::type

e If Tisof theformPrim tiveTransforn(Ay),thenresult_typeis:

typenanme boost::result_of <PrimtiveTransform
typenane boost: :result_of <when<_, Ay>(Expr, State, Data)>::type,
State,
Dat a

) > type

e If Tisof theformPrim tiveTransfornm( Ay, A;),thenresult_typeis

typenane boost: :result_of <PrimtiveTransform
typenane boost: :result_of <when<_, Ay>(Expr, State, Data)>::type,
typenane boost: :result_of <when<_, Aj>(Expr, State, Data)>::type,
Dat a

) > type

e If Tisof theformPrim tiveTransform Ay, A, Ay),thenresult_typeis:

typenanme boost::result_of <PrimitiveTransforn
typenanme boost::result_of <when<_, A>(Expr, State, Data)>::type,
typenane boost::result_of <when<_, A;>(Expr, State, Data)>: :type,
typenane boost::result_of <when<_, A;>(Expr, State, Data)>::type
) >l type

» If Tisof theform Pol ynor phi cFuncti onObj ect (A, ..A,) ,thenresul t _typeis

typenane boost: :result_of <Pol ynor phi cFuncti onQbj ect (
typenanme boost::result_of <when<_, Aj>(Expr, State, Data)>::type,

typenanme boost::result_of <when<_, A,>(Expr, State, Data)>::type
> itype

» If Tisof theformPol ynor phi cFuncti onObj ect (Ag, ..A, ...),thenletT' bePol ynor phi cFuncti onQbj ect (Ag, ..An- 1,
S) , where S is atype sequence computed from the unpacking expression A, as described in the reference for pr ot o: : pack.
Then,resul t _typeis:

typenane proto::call <T >::inpl <Expr, State, Data>::result_type

i mpl public member functions

result_type operator()(typenanme inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

In the description that follows, a type T is determined to model the PrimitiveTransform concept if proto::is_trans-
for nkT>: : val ue istrue.
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proto::cal | <T>::inpl <Expr, State, Dat a>: : oper at or () behaves asfollows:

o If Tif of theformPri mi ti veTransformor PrimtiveTransforn(), thenreturn

PrimtiveTransforn() (expr, state, data)

o If Tisof theformPri m tiveTransfor m( Ay), thenreturn

PrimtiveTransforn()(
when<_, Ay>() (expr, state, data),
st at e,
sata

)

o If Tisof theformPrim tiveTransform Ay, A),thenreturn:

PrimtiveTransforn()(
when<_, Ap>() (expr, state, data),
when<_, A;>() (expr, state, data),
Dat a

e If Tisof theformPrimitiveTransform(Ay, A;, A),thenreturn

PrimtiveTransforn()(
when<_, Ap>() (expr, state, data),
when<_, A;>() (expr, state, data),
when<_, A,>() (expr, state, data)
)

» If Tisof theform Pol ynor phi cFunct i onOobj ect (A, ..A,) , thenreturn:

Pol ynor phi cFunct i onObj ect () (
when<_, Ap>() (expr, state, data),

when<_, A,>() (expr, state, data)
)

» If Tisof theform Pol ynor phi cFuncti onQbj ect (A, ..A, ...),thenletT' bePol ynor phi cFuncti onQObj ect (Ag, ..A, 1,
S) , where S is atype sequence computed from the unpacking expression A, as described in the reference for pr ot o: : pack.
Then, return:

proto::call<T" >()(expr, state, data)

Header <boost/proto/transform/default.hpp>

nanespace boost {
nanespace proto {
tenpl at e<typenane G ammar = unspecified> struct _default;
}
}
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Struct template _default

boost::proto::_default — A PrimitiveTransform that gives expressions their usual C++ behavior
Synopsis

/1 I'n header: <boost/proto/transfornm default.hpp>

tenpl at e<typenane G ammar = unspecified>

struct _default : proto::transforn< _defaul t<G ammar> > {
/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef typenane Expr::tag_type Tag; /'l For exposition only
t ypedef see-bel ow result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

/1 public data nenbers

static Expr s_expr; /'l For exposition only
static State s_state; /'l For exposition only
static Data s_data,; /'l For exposition only
b
b
Description

For the complete description of the behavior of the proto::_default transform, see the documentation for the nested
proto::_defaul t::inpl<> classtemplate.

When used without specifying aG anmar parameter, pr ot o: : _def aul t behavesasif the parameter werepr ot o: : _def aul t <>.

Struct template impl

boost::proto::_default::impl
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Synopsis
/'l 1n header: <boost/proto/transform default.hpp>

t enpl at e<t ypename Expr, typenanme State, typenane Data>

struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef typenane Expr::tag_type Tag; /1l For exposition only
t ypedef see-bel ow result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

/1 public data nenbers

static Expr s_expr; [/ For exposition only

static State s_state; // For exposition only
static Data s_data; // For exposition only

Description
L et OP be the C++ operator corresponding to Expr : : prot o_t ag. (For example, if Tag is proto::tag::plus,let OPbe+.)

The behavior of this classis specified in terms of the C++0x decl t ype keyword. In systems where this keyword is not available,
Proto uses the Boost. Typeof library to approximate the behavior.

i mpl public types
1. typedef see-below result_type;

* If Tag corresponds to a unary prefix operator, then the result type is

decl type(
OP Granmar () (proto::child(s_expr), s_state, s_data)
)

 If Tag corresponds to a unary postfix operator, then the result typeis

decl type(
Granmar () (proto::child(s_expr), s_state, s_data) OP

)

« If Tag corresponds to a binary infix operator, then the result typeis

decl type(
Ganmar () (proto::left(s_expr), s_state, s_data) OP
Granmar () (proto::right(s_expr), s_state, s_data)

)

e If Tagis proto::tag::subscript ,thentheresulttypeis
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decl type(
Gammar () (proto::left(s_expr), s_state, s_data) |
Granmar () (proto::right(s_expr), s_state, s_data) |

)

» If Tagis proto::tag::if_else_ ,thentheresulttypeis

decl type(
Grammar () (proto::child _c<0>(s_expr), s_state, s_data) ?
Grammar () (proto::child_c<l>(s_expr), s_state, s_data)
Grammar () (proto::child_c<2>(s_expr), s_state, s_data)

)

» If Tagis proto::tag::function ,thentheresulttypeis

decl type(
Granmar () (proto::child_c<0>(s_expr), s_state, s_data) (
Granmar () (proto::child_c<l>(s_expr), s_state, s_data),

Grammar () (proto::child_c<N>(s_expr), s_state, s_data) )

)

i mpl public member functions

L result_type operator()(typename inpl::expr_param expr,

typenane inpl::state_param state,
typenane inpl::data_param data) const;

proto:: _defaul t<G ammar>::inpl <Expr, State, Data>::operator()

 If Tag corresponds to a unary prefix operator, then return

OP Grammar () (proto::child(expr), state, data)

* If Tag corresponds to a unary postfix operator, then return

Granmar () (proto::child(expr), state, data) OP

* If Tag corresponds to a binary infix operator, then return

G ammar () (proto::left(expr), state, data) OP
G ammar () (proto::right(expr), state, data)

e If Tagis proto::tag::subscript ,thenreturn
Ganmar () (proto::left(expr), state, data) [

Granmar () (proto::right(expr), state, data) ]

e If Tagis proto::tag::if_else_ ,thenreturn
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Granmar () (proto::child _c<0>(expr), state, data) ?
Grammar () (proto::child_c<l>(expr), state, data)
Grammar () (proto::child_c<2>(expr), state, data)

» If Tagis proto::tag::function ,thenreturn

Grammar () (proto::child_c<0>(expr), state, data) (
Grammar () (proto::child_c<l>(expr), state, data),

Grammar () (proto::child_c<N>(expr), state, data) )

Header <boost/proto/transform/env.hpp>

BOOST_PROTO_DEFI NE_ENV_VAR( Type, Name)

nanespace boost {
nanespace proto {
struct key_not_found;
struct enpty_env;
t enpl at e<t ypenane Key, typenane Val ue, typenanme Env = proto::enpty_env>
struct env,
tenpl at e<typenane T> struct is_env;
struct data_type;

proto::data_type const data;

t enpl at e<t ypenane Key> struct _env_var;
struct _env;
t enpl at e<t ypenane T>
typenane proto::result_of::as_env<T &::type as_env(T &);
t enpl at e<t ypenane T>
typenane proto::result_of::as_env<T const &::type as_env(T const &);
t enpl at e<t ypenane Key, typenanme Env>
typenanme proto::result_of::has_env_var<Env & Key>::type
has_env_var (Env &);
t enpl at e<t ypenane Key, typenanme Env>
typenanme proto::result_of::has_env_var<Env const & Key>::type
has_env_var (Env const &);
t enpl at e<t ypenane Key, typenanme Env>
typenanme proto::result_of::env_var<Env & Key>: :type env_var(Env &);
t enpl at e<t ypenane Key, typenane Env>
typenanme proto::result_of::env_var<Env const & Key>::type
env_var (Env const &);
t enpl at e<t ypenane Env, typenane Key, typenane Val ue>
proto::env<Key, Value, UNCVREF(typenane proto::result_of::as_env<Env &>::type)>
operator, (Env & proto::env<Key, Value> const &);
t enpl at e<t ypenane Env, typenane Key, typenane Val ue>
proto::env<Key, Value, UNCVREF(typenane proto::result_of::as_env<Env const &>::type)>
operator, (Env const & proto::env<Key, Value> const &);
namespace functional {
struct as_env;
t enpl at e<t ypenane Key> struct has_env_var;
t enpl at e<t ypenane Key> struct env_var;
}

nanmespace result_of {
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tenpl at e<t ypenane T> struct as_env;
t enpl at e<t ypenane Env, typenane Key> struct has_env_var;
t enpl at e<t ypenane Env, typenane Key> struct env_var;
}
}
}

Struct as_env

boost::proto::functional::as_env — A unary PolymorphicFunctionObject for ensuring that an object is a transform environment. If
itisn't aready, it isturned into one such that the object is associated with the proto::data_type key.

Synopsis
/'l I'n header: <boost/proto/transformenv. hpp>

struct as_env : proto::callable {
/'l menber cl asses/structs/unions
t enpl at e<t ypenane Si g>
struct result {
/'l types
t ypedef see-bel ow type;
s

/'l public menmber functions
tenpl at e<t ypenane T> see-bel ow operator()(T & const;
t enpl at e<t ypenane T> see-bel ow operator()(T const &) const;

Description

as_env public member functions

t enpl at e<t ypenane T> see-bel ow operator()(T & t) const;
t enpl at e<t ypenane T> see-bel ow operator()(T const & t) const;

If proto::is_env<T>::value is false, this function returns the result of (proto::data = t). See
proto::data_type:: operator = for details.

Otherwise, this function returnst by reference.

Struct template result

boost::proto::functional::as_env::result
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Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane Si g>
struct result {

/'l types

t ypedef see-bel ow type;
b

Description

Encodes the return type of proto::functional::as_env::operator(). The presence of this member template makes
proto::functional::as_env avalid TR1-style function object type usable with boost : : resul t _of <>.

resul t public types
1. typedef see- bel owtype;

Seeproto::functional::as_env::operator().

Struct template has_env_var

boost::proto::functional::has_env_var — A unary boolean PolymorphicFunctionObject used for determining whether a particular
transform environment has a value associated with a particular key.

Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane Key>
struct has_env_var : proto::callable {
/'l menber classes/structs/unions
t enpl at e<t ypenane Si g>
struct result {
/'l types
t ypedef see-bel ow type;

b

/1 public menber functions
t enpl at e<t ypenane Env> see-bel ow operator()(Env const &) const;

Description
has_env_var public member functions

L t enpl at e<t ypenane Env> see- bel ow operator()(Env const & e) const;

This function behaves as follows:
e Ifproto::is_env<Env>::val ueistrue:

e Ife[ Key()] returnsaninstanceof prot o: : key_not _found, returnnpl : : fal se_.Seeproto: : env: : operator[] for
more information.
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e Otherwise, returnnpl : : true_.
» Otherwise:
e If Key isproto::data_type,returnnpl::true_.

e Otherwise, returnnpl : : f al se_.

Struct template result

boost::proto::functional::has_env_var::result
Synopsis
/'l I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane Si g>
struct result {

/'l types

t ypedef see-bel ow type;

b
Description

Encodes the return type of prot o: : functi onal : : has_env_var: : oper at or () . The presence of this member template makes
proto::functional::has_env_var avalid TR1-style function object type usable with boost : : resul t _of <>.

resul t public types
1. typedef see- bel owtype;

Seeproto::functional::has_env_var::operator().

Struct template env_var

boost::proto::functional::env_var — A unary PolymorphicFunctionObject used for fetching the value associated with a particular
key in atransform environment.

Synopsis

/'l In header: <boost/proto/transfornm env. hpp>

t enpl at e<t ypenane Key>
struct env_var : proto::callable {
/1 menmber cl asses/structs/unions
t enpl at e<t ypenane Sig>
struct result {
/'l types
t ypedef see-bel ow type;

b

/'l public menber functions
t enpl at e<t ypenane Env> see-bel ow operator()(Env const &) const;
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Description
env_var public member functions

L t enpl at e<t ypenane Env> see- bel ow operator()(Env const & e) const;

This function behaves as follows:

» If Key isproto::data_type:
e Ifproto::is_env<Env>::val ueistrue,returne[ proto::data].
¢ Otherwise, return e.

» Otherwise, returne[ Key()].

Seeproto::env::operator[] for additional information.

Struct template result

boost::proto::functional::env_var::result
Synopsis
/'l In header: <boost/proto/transforn env. hpp>

t enpl at e<t ypenane Si g>
struct result {

/'l types

t ypedef see-bel ow type;

};

Description

Encodes the return type of proto::functional ::env_var::operator (). The presence of this member template makes
proto::functional::env_var avalid TR1-style function object type usable with boost : : resul t _of <>.

resul t public types
1. typedef see- bel owtype;

Seeproto::functional::env_var::operator().

Struct template as_env

boost::proto::result_of::as env — Metafunction for computing the return type of prot o: : as_env().
Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>

tenpl at e<t ypenane T>
struct as_env : boost::result_of<proto::functional::as_env(T)> {

b
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Struct template has_env_var

boost::proto::result_of::has env_var — Metafunction for computing the return type of pr ot o: : has_env_var ().
Synopsis

/'l I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane Env, typenane Key>

struct has_env_var
boost::result_of<proto::functional::has_env_var<Key>(Env)>::type

{

b

Struct template env_var

boost::proto::result_of::env_var — Metafunction for computing the return type of pr ot o: : env_var ().
Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>

tenpl at e<t ypenane Env, typenane Key>
struct env_var : boost::result_of <proto::functional::env_var<Key>(Env)> {

b

Struct key _not_found

boost::proto::key_not_found — The type of objects returned when a key-based lookup fails in a transform environment.
Synopsis
/'l In header: <boost/proto/transform env. hpp>

struct key_not_found {

}

Struct empty_env

boost::proto::empty_env — The type of an object that represents a transform environment with no key/value pairsin it.
Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

struct enpty_env {

/1 public nmenber functions
proto::key_not_found operator[](unspecified) const;

b
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Description

enmpty_env public member functions
proto::key_not_found operator[](unspecified) const;

The type of the argument to this function has a user-defined implicit conversion from any type.

Struct template env

boost::proto::env
Synopsis

/1l I'n header: <boost/proto/transformenv. hpp>
t enpl at e<t ypenane Key, typenane Val ue, typename Env = proto::enpty_env>
struct env {

/'l construct/copy/ destruct

explicit env(Value const & Env const & = Env());

/1 public menmber functions
see- bel ow operator[](see-bel ow) const;

b
Description
env public construct/copy/destruct
explicit env(Value const & value, Env const & other = Env());

Parameters: ot her  Another key/value store.
val ue  Thevalueto be associated with the Key .

env public member functions
see- bel ow operator[](see-bel ow) const;

If called with an object that isimplicitly convertible to type Key, this function returns the Val ue passed to the constructor. Oth-
erwise, it returns the result of calling oper at or [ ] on the Env passed to the constructor.

Struct template is_env

boost::proto::is_env — A Boolean metafuntion for determining whether or not atype is a Proto transform environment.
Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane T>
struct is_env : npl::bool_<true-or-false> {

}
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Description
i s_env<T> inheritsfrom npl : : t r ue_ under the following conditions:
» If Tisproto::empty_env.

 If Tisaspecidlization of proto::env<>.

If T isderived from any of the above.
» If Tisacv-quaified variant of any of the above.
 If Tisareference to any of the above.

Otherwise, i s_env<T> inheritsfromnpl : : fal se_.

Struct data_type

boost::proto::data_type — The type of pr ot o: : dat a, akey for use when creating a transform environment that associates a piece
of datawith thistype.

Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

struct data_type {
/1 public nmenber functions
t enpl at e<t ypenane Val ue> env<data_type, see-bel ow> operator=(Value &) const;

t enpl at e<t ypenane Val ue>
env<dat a_t ype, see-bel ow> operator=(Val ue const &) const;

Description

Theprot o: : dat a_t ype type, along with the pr ot o: : dat a global, are declared using the BOOST_PROTO_DEFI NE_ENV_VAR()
macro.

dat a_t ype public member functions

t enpl at e<t ypenane Val ue>
env<dat a_type, see-bel ow> operator=(Value & val ue) const;
t enpl at e<t ypenane Val ue>
env<dat a_type, see-bel ow> operator=(Val ue const & value) const;

If Val ue isaspeciaizationboost : : r ef er ence_wr apper <T>, thisfunctionreturnsenv<dat a_t ype, T &>(val ue.get()).

Else, if thetypeVal ue isnon-copyable (i.e., afunction, an array, abstract, or an ostream), thisfunction returnsenv<dat a_t ype,
Val ue cv &>(val ue),wherecv isconst for the second overload, and empty for thefirst.

Otherwise, thisfunction returnsenv<dat a_t ype, Val ue>(val ue).

Global data

boost::proto::data
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Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>

proto::data_type const data;

Description

A key used for creating atransform environment.

Function as_env

boost::proto::as_env — For ensuring that the given argument is a transform environment. If it is not already, it is made one asif by
(proto::data =1t).

Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane T>
typename proto::result_of::as_env<T &::type as_env(T & t)
t enpl at e<t ypenane T>
typenanme proto::result_of::as_env<T const &>::type as_env(T const & t)

Description

See also:

* proto::data_type::operator=

e proto::functional::as_env::operator()

Returns: proto::functional::as_env()(t)

Function has_env_var

boost::proto::has env_var — For testing to see whether a value exists in a transform environment corresponding to the specified
Key.

Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

t enpl at e<t ypenane Key, typenane Env>
typenane proto::result_of::has_env_var<Env & Key>::type
has_env_var (Env & e);

t enpl at e<t ypenane Key, typenane Env>
typenane proto::result_of::has_env_var<Env const & Key>::type
has_env_var (Env const & e);

Description

See also:
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e proto::functional::has_env_var::operator()

Returns: proto::functional::has_env_var<Key>()(e)

Function env_var

boost::proto::env_var — For fetching the value from a transform environment corresponding to the specified Key.
Synopsis
/1 I'n header: <boost/proto/transformenv. hpp>

tenpl at e<t ypenanme Key, typename Env>

typename proto::result_of::env_var<Env & Key>: :type env_var(Env & e);
tenpl at e<t ypenanme Key, typename Env>

typename proto::result_of::env_var<Env const & Key>::type

env_var (Env const & e);

Description
See also:
e proto::functional::env_var::operator()

Returns: proto::functional::env_var<Key>()(e)

Function operator,

boost::proto::operator, — For composing alarger transform environment from two smaller ones.
Synopsis
/'l In header: <boost/proto/transfornm env. hpp>

t enpl at e<t ypenane Env, typenane Key, typenane Val ue>
proto::env<Key, Value, UNCVREF(typenane proto::result_of::as_env<Env &>::type)>
operator, (Env & other, proto::env<Key, Value> const & head);

t enpl at e<t ypenane Env, typenane Key, typenane Val ue>
proto::env<Key, Value, UNCVREF(typenane proto::result_of::as_env<Env const &>::type)>
operator, (Env const & other, proto::env<Key, Value> const & head);

Description

The effect of this function is to take two transform environments and compose them into a larger environment that contains the
key/values pairs of the two. The first argument is allowed to not be a transform environment, in which caseit isturned into one with
theprot o: : as_env() function before composition with the second argument. The second argument is required to be a transform
environment with exactly one key/value pair.

Example:

Given user-defined keys key0 and key1 of typeskeyO_t ype and key1_t ype, the following code demonstrates how the chained
use of oper at or, can build acomposite transform environment containing a number of key/value pairs:
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proto::env<
keyl type
, int
, proto::env<
keyO_type
, char const (&)][6]
, proto::env<proto::data_type, int>

>
> nyenv = (proto::data = 1, key0 = "hello", keyl = 42);
/! NOTE: operator, here --# and here --7

/1 Check the results:

assert (1 == nyenv[proto::data]);

assert (0 == std::strcnmp(nyenv[key0O], "hello"));
assert (42 == nyenv[keyl]);

Note: In the return type and the "Returns’ clause, UNCVREF( X) isthe type X stripped of top-level reference and cv-qualifiers.
Note: Inthe "Returns" clause, cv isreplaced with const for the second overload, and nothing for the first.

See also:

* proto::env::operator[]

Returns: pr ot o: : env<Key, Val ue, UNCVREF(t ypenane proto::result_of::as_env<Env cv
&>::type)>(head[ Key()], proto::as_env(other))

Struct template _env_var

boost::proto::_env_var — A primitive transform that returns the value associated with a particular Key in the current transform en-
vironment.

Synopsis

/'l 1In header: <boost/proto/transforn env. hpp>
t enpl at e<t ypenane Key>
struct _env_var : proto::transfornm<_env_var<Key> > {
/'l menber classes/structs/unions
struct inmpl : proto::transform.inpl <Expr, State, Data> > {
/'l types
typedef typenane proto::result_of::env_var<Data, Key>::type result_type;
/'l public menber functions
result _type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description

Seeproto::_env_var::inpl forthefull details.

Struct template impl

boost::proto::_env_var::impl
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Synopsis

/1 I'n header: <boost/proto/transformenv. hpp>
struct inpl proto::transform.i npl <Expr, State, Data> > {
/'l types

typedef typenane proto::result_of::env_var<Data,

/1 public nmenber functions

result_type operator()(typenane inpl::
typenane i npl:
typenane inpl::
b
Description
i mpl public member functions
result_type operator()(typenane inpl::
typenane inpl::

Key>::type result_type;

expr _par am

. state_param

dat a_param) const;

expr_param typenane inpl::state_param
dat a_param data) const;

Fetches the value associated with Key from the transform environment passed in the data (third) parameter.

Parameters: data The current transform environment
Requires: proto::is_env<Data>::val ueistrue.
Returns: proto::env_var (data)

Struct _env

boost::proto::_env — A primitive transform that returns the current transform environment unmodified.

Synopsis

/1 1n header:

struct _env : proto::transforn<_env> {
/1 nmenber cl asses/structs/unions
struct inpl
/'l types
typedef Data result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::
typenane inpl::
typenane inpl::

Description

Seeproto:: _env::inpl forthefull details.

proto::transform.i npl <Expr,

<boost/ proto/transfornf env. hpp>

State, Data> {

expr_par am
state_param
dat a_param const;
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Struct template impl

boost::proto::_env::impl
Synopsis

/'l 1n header: <boost/proto/transform env. hpp>

struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef Data result_type;
/1 public nmenber functions
result_type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result_type operator()(typename inpl::expr_param typenane inpl::state_param
typenane inpl::data_param data) const;

Returns the current transform environment passed in the data (third) parameter.
Parameters: data The current transform environment
Returns: dat a

Macro BOOST _PROTO_DEFINE_ENV_VAR

BOOST_PROTO_DEFINE_ENV_VAR — Define atype and a global variable of that type that can be used to initidlize adot in a
Proto transform environment.

Synopsis

/'l I'n header: <boost/proto/transfornfenv. hpp>

BOOST_PROTO DEFI NE_ENV_VAR( Type, Name)

Description

Proto primitive transforms can optionally accept an environment in their third parameter which is a key/value store of environment
variables. Use the BOOST_PROTO DEFI NE_ENV_VAR() macro to define the keys.

See the description for pr ot o: : dat a_t ype for an example of the class interface created by this macro.

Example:
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BOOST_PROTO_DEFI NE_ENV_VAR( nykey_type, nykey);
struct Fet chMKey

proto::when< _, proto::_env_var<nykey_type> >

{};

int nmain()

{
proto::termnal<int> :type i = {42};
char const * sz = FetchMyKey() (i, 0, (nmykey = "hello!"));
assert (0 == std::strcnp(sz, "hello!");

}

Header <boost/proto/transform/fold.hpp>

Contains definition of the proto::fol d<> and proto::reverse fol d<> transforms.

namespace boost {
namespace proto {
t enpl at e<t ypenane Sequence,
t enpl at e<t ypenane Sequence,
struct reverse fold;

typenane St at eO,
typenane St at eO,

typenanme Fun> struct fold;
typename Fun>

Struct template fold

boost::proto::fold — A PrimitiveTransform that invokes the f usi on: : f ol d<> agorithm to accumulate avalue.
Synopsis

/'l I'n header: <boost/proto/transformfold. hpp>
t enpl at e<t ypenane Sequence, typenane StateO,
struct fold : proto::transfornx fol d<Sequence,
/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane State,

typenanme Fun>
StateO, Fun> > {

typename Dat a>

struct inpl proto::transform.inpl < Expr, State, Data > {

/'l types

typedef when<_, Sequence> X;
ition only

typedef when<_, State0> Y;
ition only

typedef typenanme boost::result_of <X(Expr, State, Data)>::type seq;
sequence, for exposition only

typedef typenane boost::result_of <Y(Expr, State, Data)>::type st at e0;
state for the fold, for exposition only

typedef unspecified fun;
== when<_, Fun>() (e, s, d)

typedef typenane fusion::result_of::fol d<seq, stateO, fun>::type result_type;

/1 public nmenber functions

/'l For exposO
/'l For
/1 A Fusion O
/1 Aninitial

/1 fun(d)(s,e) O

result_type operator()(typename inpl::
typenane inpl ::
typenane inpl ::

expr _par am
state_param
dat a_paranm) const;
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Description

For the complete description of the behavior of the proto::fol d<> transform, see the documentation for the nested
proto::fold::inpl<> classtemplate.

Struct template impl

boost::proto::fold::impl
Synopsis
/1 I'n header: <boost/proto/transformfold. hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {

/'l types

typedef when<_, Sequence> X; /'l For exposi [
tion only

typedef when<_, State0> Y; /'l For exposi [
tion only

typedef typename boost::result_of <X(Expr, State, Data)>::type seq; /1l A Fusion sel
quence, for exposition only

typedef typename boost::result_of <Y(Expr, State, Data)>::type st at e0; /1 An initial O
state for the fold, for exposition only

t ypedef unspecified fun; /1 fun(d)(s,e) O

== when<_, Fun>() (e, s, d)
typedef typenane fusion::result_of::fol d<seq, stateO, fun>::type result_type;

/1 public nmenber functions

result _type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result_type operator()(typename inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Letseq bewhen< , Sequence>() (expr, state, data),letstate0bewhen< , State0>()(expr, state, data),
and let f un(dat a) be an object such that f un(dat a) (state, expr) isequivalent to when<_, Fun>()(expr, state,
dat a) . Then, thisfunction returnsf usi on: : fol d(seq, stateO, fun(data)).
Parameters: data An arbitrary data

expr The current expression

state Thecurrent state

Struct template reverse_fold

boost::proto::reverse fold — A PrimitiveTransform that isthe same asthe pr ot o: : f ol d<> transform, except that it folds back-to-
front instead of front-to-back. It usesthe proto:: _reverse calable PolymorphicFunctionObject to create af usi on: : re-
ver se_vi ew<> of the sequence before invoking f usi on: : f ol d<>.
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Synopsis

/'l In header: <boost/proto/transformfold. hpp>

t enpl at e<t ypenane Sequence, typenane StateO, typenane Fun>
struct reverse_fold : proto::fold< proto::_reverse(Sequence), StateO, Fun > {

I

Header <boost/proto/transform/fold_tree.hpp>

Contains definition of the proto::fold tree<> and proto::reverse fold_tree<> transforms.

namespace boost {
namespace proto {
t enpl at e<t ypenane Sequence, typenane StateO, typenane Fun> struct fold_tree;
t enpl at e<t ypenane Sequence, typenane StateO, typenane Fun>
struct reverse fold tree;

Struct template fold_tree

boost::proto::fold_tree — A PrimitiveTransform that recursively applies the pr ot o: : f ol d<> transform to sub-trees that all share
acommon tag type.

Synopsis

/1 I'n header: <boost/proto/transform fold_tree. hpp>

t enpl at e<t ypenane Sequence, typenane StateO, typenane Fun>
struct fold_tree : proto::transforn< fol d_tree<Sequence, StateO, Fun> > {
/1 menmber cl asses/structs/unions
t enpl at e<t ypename Expr, typenane State, typenane Data>
struct inpl
proto::fol d<Sequence, StateO, recurse_if_<typenanme Expr::proto_tag, Fun> >
c:tenplate inpl <Expr, State, Data>

Description

proto:: fol d_tree<>isuseful for flattening treesinto lists; for example, you might use pr ot o: : f ol d_t r ee<> to flatten an ex-
pressiontreelikea | b | cintoaFusionlistlikecons(c, cons(b, cons(a))).

proto::fol d_tree<>iseasly understood intermsof arecurse_i f _<> helper, defined asfollows:

353

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/doc/html/../../../../boost/proto/transform/fold_tree.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Proto

t enpl at e<t ypenane Tag, typename Fun>
struct recurse_if_ :
proto::if_<
/1 If the current node has type type "Tag"
boost::is_sane<proto::tag of<proto::_> Tag>(),

/'l ... recurse, otherwi se ...
proto::fold<proto:: _, proto::_state, recurse_if_<Tag, Fun> >,
/1 ... apply the Fun transform
Fun
>

i

Withrecurse_ i f_<>asdefined above, proto: : fol d_tree<Sequence, State0, Fun>()(expr, state, data) isequi-
valent to:

proto::fol d<

Sequence,

St at €0,

recurse_if_<typenanme Expr::proto_tag, Fun>
>()(expr, state, data).

It has the effect of folding atree front-to-back, recursing into child nodes that share a tag type with the parent node.

Struct template impl

boost::proto::fold_tree::impl
Synopsis
/'l In header: <boost/proto/transfornifold_tree. hpp>

tenpl at e<t ypenanme Expr, typenane State, typenane Data>
struct inpl :
proto:: fol d<Sequence, StateO, recurse_if_<typenanme Expr::proto_tag, Fun> >
c:tenplate inpl <Expr, State, Data>

Struct template reverse _fold tree

boost::proto::reverse fold tree — A PrimitiveTransform that recursively appliesthepr ot o: : rever se_f ol d<> transform to sub-
trees that all share acommon tag type.

354

render

httpo://www.renderx.com/


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

Boost.Proto

Synopsis

/'l I'n header: <boost/proto/transform fold_tree. hpp>

t enpl at e<t ypenane Sequence, typenane StateO, typenane Fun>
struct reverse_fold_tree :
proto::transfornm< reverse_fol d_tree<Sequence, State0O, Fun> >

{

/'l menber classes/structs/unions

t enpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl

proto::reverse_fol d<Sequence, StateO, recurse_if_<typenane Expr::proto_tag, Fun> >
;. tenplate inpl <Expr, State, Data>

Description

proto:: reverse_fol d_tree<>isuseful for flattening treesinto lists, for example, you might usepr ot o: : reverse_fol d_t ree<>
to flatten an expression treelikea | b | cintoaFusionlistlikecons(a, cons(b, cons(c))).

proto::reverse_fol d_tree<>iseasily understood intermsof ar ecur se_i f _<> helper, defined asfollows:

tenpl at e<t ypenane Tag, typenanme Fun>
struct recurse_if_ :
proto::if_<
/1 I'f the current node has type type "Tag"
boost::is_sanme<proto::tag of<proto::_> Tag>(),

// ... recurse, otherw se ...
proto::reverse_fold<proto::_, proto::_state, recurse_if_<Tag, Fun> >,
/1 ... apply the Fun transform
Fun
>

{1

Withrecurse_i f _<>asdefinedabove, proto: : reverse_fol d_tree<Sequence, StateO, Fun>()(expr, state, data)
is equivalent to:

proto::reverse_fol d<

Sequence,

St at eO,

recurse_if_<typenane Expr::proto_tag, Fun>
>()(expr, state, data).

It has the effect of folding atree back-to-front, recursing into child nodes that share a tag type with the parent node.

Struct template impl

boost::proto::reverse fold_tree::impl
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Synopsis
/'l I'n header: <boost/proto/transform fold_tree. hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
proto::reverse_fol d<Sequence, StateO, recurse_if_<typenane Expr::proto_tag, Fun> >
;. tenplate inpl <Expr, State, Data>

Header <boost/proto/transform/impl.hpp>

Contains definition of transform<> and transform_impl<> helpers.

namespace boost {
namespace proto {
tenpl at e<typenane PrimitiveTransforms struct transform
tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct transform.inpl;
struct pack;
}
}

Struct template transform

boost::proto::transform — Inherit from this to make your type a PrimitiveTransform.
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Synopsis

/'l I n header: <boost/proto/transforminpl.hpp>

tenpl at e<typenane PrimtiveTransfornm
struct transform {
/'l types
typedef PrimtiveTransformtransformtype;

/'l menber classes/structs/unions
tenpl at e<typenane This, typenane Expr>
struct result<This(Expr)> {
/'l types
typedef typenanme PrimtiveTransform:tenplate inpl< Expr, unspecified, unspecified > :resQ

ult_type type;

tenpl at e<typenane This, typenane Expr, typenane State>
struct result<This(Expr, State)> {
/'l types
typedef typenanme PrimtiveTransform:tenplate inpl< Expr, State, unspecified >::resQd

ult_type type;

tenpl at e<typenane This, typenane Expr, typenane State, typenane Data>

struct result<This(Expr, State, Data)> {

/'l types

typedef typenanme PrimtiveTransform:tenplate inpl< Expr, State, Data >::result_type type;
b

/1 public nmenber functions

t enpl at e<t ypenane Expr>
typename PrimtiveTransform:tenplate inpl<Expr & unspecified, unspecified>: :result_type
operator () (Expr & const;

t enpl at e<t ypenane Expr, typenane State>
typenanme PrimtiveTransform:tenplate inpl<Expr & State & unspecified>::result_type
operator()(Expr & State & const;

t enpl at e<t ypenane Expr, typenanme State>
typenane PrinmitiveTransform :tenplate i npl <Expr & State const & unspecified>: :result_type
operator()(Expr & State const & const;

t enpl at e<t ypenanme Expr, typenane State, typenane Data>
typenanme PrimtiveTransform:tenplate inpl<Expr & State & Data &::result_type
operator()(Expr & State & Data &) const;

t enpl at e<t ypenanme Expr, typenane State, typenane Data>
typename PrinmitiveTransform:tenplate inpl<Expr & State const & Data &::result_type
operator()(Expr & State const & Data & const;

I

Description

t ransf or mpublic member functions

t enpl at e<t ypenane Expr>
typenanme PrimtiveTransform:tenplate inpl <Expr & unspecified, unspecified>: :result_type
operator () (Expr & expr) const;

Returns: typenane PrinmitiveTransform:tenplate inpl<Expr & unspecified, unspecified>()(expr,
unspeci fi ed, unspecified)

t enpl at e<t ypenane Expr, typenane State>
typenane PrinmitiveTransform:tenplate inpl <Expr & State & unspecified>: :result_type
operator () (Expr & expr, State & state) const;

357

render

> httpo://www.renderx.com/


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

Boost.Proto

Returns: typename PrimtiveTransform:tenplate inpl<Expr & State & unspecified>()(expr,
state, unspecified)
3. t enpl at e<t ypenane Expr, typenane State>
typename PrimitiveTransform :tenplate inpl <Expr & State const & unspecified>: :result_type
operator()(Expr & expr, State const & state) const;
Returns: typenane PrimitiveTransform:tenplate i npl <Expr & State const & unspecified>()(expr
state, unspecified)
4. tenpl at e<t ypenane Expr, typenane State, typenane Data>
typenanme PrimtiveTransform:tenplate inpl<Expr & State & Data & ::result_type
operator () (Expr & expr, State & state, Data & data) const;
Returns: typenane PrimtiveTransform:tenplate inpl<Expr & State & Data &>()(expr, state,
dat a)
tenpl at e<t ypenane Expr, typenane State, typenane Data>
typenane PrimitiveTransform:tenplate inpl<Expr & State const & Data &::result_type
operator () (Expr & expr, State const & state, Data & data) const;
Returns: typenanme PrimtiveTransform:tenplate inpl<Expr & State const & Data &>()(expr,

state, data)

Struct template result<This(Expr)>

boost::proto::transform::result<This(Expr)>
Synopsis
/'l I'n header: <boost/proto/transforminpl.hpp>

tenpl at e<t ypenane This, typenane Expr>
struct result<This(Expr)> {
/'l types
typedef typenane PrimtiveTransform:tenplate inpl< Expr, unspecified, unspecified > :res
ult_type type
b

Struct template result<This(Expr, State)>

boost::proto::transform::result<This(Expr, State)>
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Synopsis
/'l I n header: <boost/proto/transforminpl.hpp>

tenpl at e<typenane This, typenane Expr, typenane State>

struct result<This(Expr, State)> {

/'l types

typedef typenane PrinmitiveTransform:tenplate inpl< Expr, State, unspecified > :result_type type;
b

Struct template result<This(Expr, State, Data)>

boost::proto::transform::result<This(Expr, State, Data)>
Synopsis
/'l In header: <boost/proto/transforminpl.hpp>

t enpl at e<t ypenanme Thi s, typenane Expr, typenane State, typenane Data>

struct result<This(Expr, State, Data)> {

/'l types

typedef typenane PrimtiveTransform:tenplate inpl< Expr, State, Data >::result_type type;
b

Struct template transform_impl

boost::proto::transform_impl
Synopsis

/1l I'n header: <boost/proto/transforminpl.hpp>

tenpl at e<t ypenane Expr, typenane State, typenane Data>
struct transform.inpl {

/'l types

typedef typenane boost::renove_reference<Expr const>::type expr;

t ypedef typenane boost::add_reference<Expr const>::type expr _param
typedef typenane boost::renove_reference<State const>::type state;

t ypedef typenane boost::add_reference<State const>::type st at e_param
typedef typenane boost::renove_reference<Data const>::type data;

t ypedef typenane boost::add_reference<Data const>::type dat a_par am

Struct pack

boost::proto::pack — To turn an expression into a pseudo-parameter pack containing the expression's children, for the purpose of
expanding the pack expression within a CallableTransform or ObjectTransform.
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Synopsis
/'l In header: <boost/proto/transforminpl.hpp>

struct pack {
}
Description

pr ot o: : pack isuseful within CallableTransforms and ObjectTransforms when one wishes to unpack an expression into afunction
call or an object constructor. pr ot o: : pack turnsaProto expression into apseudo-parameter pack, which may appear in an unpacking
pattern to be expanded withthe". . . " syntax.

Example:

/1 The follow ng denonstrates how to use a pseudo- pack expansi on
/1 to unpack an expression into a function call.

struct do_sum: proto::callable

{
typedef int result_type;
int operator()(int i) const { returni; }
int operator()(int i, int j) const { returni +j; }
int operator()(int i, int j, int k) const { returni +j + k; }
s
/1 Take any n-ary expression where the children are all int termnals and sumall the ints

struct sum
prot o: : when<

/1 Match any nary expression where the children are all int termnals
proto::nary_expr<_, proto::vararg<proto::termnal<int> > >

/1 Turn the current expression into a pseudo-paraneter pack, then expand it,
/1 extracting the value fromeach child in turn.
, do_sum proto::_value(proto::pack(_))...)

>

{}

int main()

{
proto::termnal<int>: :type i = {42};
int result = sum)( i(3,5) ); // Creates a ternary functional-call expression
std::cout << "Sumof 42, 3, and 5 : " << result << std::endl;

}

The above program displays:

Sum of 42, 3, and 5 : 50
In the above example, thetype proto:: val ue(proto:: pack(_)) isaso-caled unpacking pattern, described below.
Unpacking Patterns:

Composite transforms (either CallableTransforms or ObjectTransforms) usually have the form X( A, ..A,) . However, when the ar-
gument list in a composite transform is terminated with a C-style vararg ellipsis as in X( A, ..A, ...), the final argument A, is
treated as an unpacking pattern.
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An unpacking pattern must itself be acompositetransform; that is, it must be afunction type representing either a CallableTransform
or an ObjectTransform. The type pr ot o: : pack(_) must appear exactly once in the unpacking pattern. This type will receive a
substitution when the unpacking pattern is expanded.

A composite transform like X( Aq, ..A, . ..), when evaluated against a given expression E, state and data, is evaluated asif it were
X( Ao, .-An.1, S) Where S isatype sequence computed as follows:

Let SUB( A, B) be atype function that replaces every occurence of pr ot o: : pack(_) within Awith B.
* If theexpression Eisaterminal (i.e. it has arity 0), S is the one-element sequence containing SUB( A,,, proto:: _val ue).

o If the expresson E is a non-termina, S is the sequence SUB(A,  proto::_child_c<0>),.. SUB(A,,
proto::_child_c<M 1>), where Misthe arity of the expression E.

Header <boost/proto/transform/integral_c.hpp>

Contains definition of the integral_c transform and friends.

nanespace boost {
nanespace proto {
tenpl ate<typenane T, T |> struct integral _c;
tenpl at e<char |> struct char_;
tenplate<int |> struct int_;
tenpl ate<long | > struct |ong_;
tenpl ate<std::size_t |> struct size_t;

Struct template integral _c

boost::proto::integral_c — A PrimitiveTransform that returns the specified integral constant.
Synopsis

/'l In header: <boost/proto/transfornmintegral _c.hpp>

tenpl ate<typename T, T I>
struct integral_c : proto::transfornm< integral _c< T, | > > {
/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef T result_type;

/'l public menber functions
T operator()(typenane inpl::expr_param typenane inpl::state_param
typenane inpl::data_paran) const;

Description

Struct template impl

boost::proto::integral _c::impl
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Synopsis

/1 I'n header: <boost/proto/transformintegral _c.hpp>

t enpl at e<t ypename Expr, typenane State,

t ypenane Dat a>

struct inpl : proto::transform.inpl< Expr, State, Data > {

/'l types
typedef T result_type;

/1 public nmenber functions

T operator () (typenane inpl::
typenane inpl ::

Description

i mpl public member functions

1

T operator () (typenane inpl::
typenane inpl::

Returns: |
Throws: Will not throw.

Struct template char_

expr_par am
dat a_param

expr_par am
dat a_param

typename i npl ::
const ;

typenane inpl::
const;

boost::proto::char_ — A PrimitiveTransform that returns the specified char.

Synopsis

/'l 1n header: <boost/proto/transfornmintegral _c.hpp>

tenpl at e<char | >

struct char_ : proto::integral _c< char,

I

Struct template int_

> {

boost::proto::int._— A PrimitiveTransform that returns the specified int.

Synopsis

/'l I'n header: <boost/proto/transfornmintegral _c.hpp>

tenplate<int |>

struct int_ : proto::integral_c< int, |

b

Struct template long_

> {

boost::proto::long_— A PrimitiveTransform that returns the specified long.

st at e_param

st at e_param
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Synopsis

/1 I'n header: <boost/proto/transformintegral _c.hpp>

tenpl ate<long | >
struct long_ : proto::integral_c< long, | > {

I

Struct template size t

boost::proto::size t — A PrimitiveTransform that returns the specified std::size t.
Synopsis

/'l In header: <boost/proto/transformintegral _c.hpp>

tenpl ate<std::size_t |>
struct size_t : proto::integral _c< std::size_t, | > {

I

Header <boost/proto/transform/lazy.hpp>

Contains definition of the proto:: | azy<> transform.

nanmespace boost {
nanmespace proto {
t enpl at e<t ypenanme T> struct |azy;
}
}

Struct template lazy

boost::proto::lazy — A PrimitiveTransform that usespr ot o: : make<> to build aCallableTransform, and then usespr ot o: : cal | <>
to apply it.

Synopsis

/'l In header: <boost/proto/transform|azy. hpp>

t enpl at e<t ypenane T>
struct lazy : proto::transfornx |azy<T> > {
/1 nmenber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl <Expr, State, Data> {
/'l types
typedef see-bel ow result_type

/1 public nmenber functions

result_type operator()(typenamnme inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const
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Description

proto:: | azy<> isuseful asahigher-order transform, when the transform to be applied depends on the current state of the trans-
formation. Theinvocation of the pr ot o: : neke<> transform evaluates any nested transforms, and the resulting typeis treated as

a CallableTransform, which is evaluated with pr ot o: :

For the full description of the behavior of the
proto::lazy::inpl<> classtemplate.

Struct template impl

boost::proto::lazy::impl
Synopsis
/1 I'n header:

t enpl at e<t ypenane Expr,
struct inpl
/'l types
t ypedef see-below result_type;

typenane State,

/1 public menber functions

result_type operator()(typenamne inpl::
typename inpl ::
typename inpl ::

Description
i mpl public types
1. typedef see- bel owresult_type;

proto::lazy<T>::inpl <Expr, State, Dat a>: :

proto::transform.i nmpl <Expr,

cal | <>,

proto::lazy<>

<boost/ proto/transfornilazy. hpp>

t ypenanme Dat a>
State, Data> {

expr _par am
st at e_param
dat a_paran) const;

resul t _type iscalculated asfollows:

transform, see the documentation for the nested

o IfTif of theform Q[ Ay, ..A,) ,thenlet O beboost::result_of <proto:: make<O>(Expr, State, Data)>::type and

let T' beO (Ag, ..Ay) .

o IfTifof theformQ( Ay, ..A, . ..),thenletO beboost: : result _of <proto:: make<G>(Expr, State, Data)>::type

andlet T beO (A A, ...).

* Otherwise, let T' beboost: : resul t _of <prot o: : make<T>( Expr,

Theresult typeis boost::result_of <proto::call <T" >(Expr,

i mpl public member functions

result_type operator()(typename inpl::
typename inpl ::
typename inpl ::

proto::lazy<T>::inpl <Expr, St ate, Dat a>: :

o IfTif of theform Q[ Ay, ..A,) ,thenlet O beboost: :resul t_of <proto:: make<O>( Expr, State,

let T beO (A, ..Ay).

State, Data)>::type.

State, Data)>::type .

expr _par am expr,
state_param state,
dat a_param data) const;

oper at or () behaves asfollows:

Dat a) >: : type and
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o IfTifof theformQ( Ay, ..A, ...),thenletO beboost: :result_of <proto:: make<O>(Expr, State, Data)>::type
andletT beO (A ..A, ...).

e Otherwise, let T' beboost::result_of <proto::make<T>(Expr, State, Data)>::type.
Returns: proto::call <T'>()(expr, state, data)

Header <boost/proto/transform/make.hpp>

Contains definition of the proto:: neke<> and proto:: protect<> transforms.

nanespace boost {
nanespace proto {
tenpl at e<typenane T> struct noi nvoke;
tenpl at e<typenane PrinmitiveTransfornm struct protect;
tenpl at e<typenane T> struct make;
}
}

Struct template noinvoke

boost::proto::noinvoke — A type annotation in an ObjectTransform which instructs Proto not to look for anested : : t ype within T
after type substitution.

Synopsis

/'l 1In header: <boost/proto/transform nmake. hpp>

t enpl at e<t ypenane T>
struct noi nvoke {

I

Description

ObjectTransforms are evaluated by pr ot o: : make<>, which finds all nested transforms and replaces them with the result of their
applications. If any substitutions are performed, the result is first assumed to be a metafunction to be applied; that is, Proto checks
toseeif theresult hasanested: : t ype typedef. If it does, that becomestheresult. The purposeof pr ot o: : noi nvoke<> isto prevent
Proto from looking for anested : : t ype typedef in these situations.

Example:
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struct Test
pr ot o: : when<

pr ot o: : noi nvoke<
/1 This renove_pointer invocation is bloked by noi nvoke
boost: : renmove_poi nter<
/1 This add_pointer invocation is *not* bl ocked by noi nvoke
boost: : add_poi nter<_>

>
>()
>
{3
voi d test _noi nvoke()
{
typedef proto::termnal<int> :type Int;
BOOST_MPL_ASSERT( (
boost: :is_sanme<
boost::result_of <Test(Int)>::type
boost: :renmove_pointer<int *>
>
)
Int i = {42};
boost::remove_pointer<int *>1t = Test()(i);
}

Struct template protect

boost::proto::protect — A PrimitiveTransform which prevents another PrimitiveTransform from being applied in an ObjectTransform.
Synopsis

/'l I'n header: <boost/proto/transform make. hpp>

tenpl at e<typenane PrimtiveTransfornm
struct protect : proto::transfornx protect<PrimitiveTransform > {
/'l menber classes/structs/unions
tenpl at e<t ypenane , typenanme , typenanme >
struct inpl {
/'l types
typedef PrimitiveTransformresult_type
b
b

Description

When building higher order transformswith prot o: : make<> or proto::|azy<> ,yousometimeswould like to build types
that are parameterized with Proto transforms. In such lambda-style transforms, Proto will unhelpfully find all nested transforms and
apply them, even if you don't want them to be applied. Consider the following transform, which will replace the proto:: _ in
Bar <proto::_>() withproto::termnal <i nt>::type:
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t enpl at e<t ypenane T>

struct Bar
{3
struct Foo
proto::when<proto::_, Bar<proto::_>() >
{3
proto::termnal<int> :type i = {0};

int main() {

Foo() (i)

std::cout << typeid(Foo()(i)).nanme() << std::endl;
}

If you actually wanted to default-construct an object of type Bar <pr ot o: : _>, you would have to protect the _ to prevent it from
being applied. You can use pr ot o: : pr ot ect <> asfollows;

/1 OK: replace anything with Bar<_>()
struct Foo :
proto::when<proto::_, Bar<proto::protect<proto::_> >() >

{1

Struct template impl

boost::proto::protect::impl
Synopsis
/'l I n header: <boost/proto/transform nmake. hpp>

tenpl at e<t ypenane , typenane , typename >
struct inpl {

/'l types

typedef PrimitiveTransformresult_type;

b

Struct template make

boost::proto::make— A PrimitiveTransform that computes atype by eval uating any nested transforms and then constructs an object
of that type.
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Synopsis

/'l I n header: <boost/proto/transform nmake. hpp>

t enpl at e<t ypenane T>
struct make : proto::transfornx make<T> > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef see-bel ow result_type;

/1 public nmenber functions
result_type operator()(typenanme inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description
The purpose of pr ot o: : make<> isto annotate a transform as an ObjectTransform so that pr ot o: : when<> knows how to apply it.

For the full description of the behavior of the proto:: make<> transform, see the documentation for the nested
proto:: nake: : i npl <> class template.

Struct template impl

boost::proto::make::impl
Synopsis
/'l 1n header: <boost/proto/transform nmake. hpp>

t enpl at e<t ypenanme Expr, typenanme State, typenane Data>
struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef see-bel ow result_type;

/'l public menber functions
result _type operator()(typenane inpl::expr_param

typenane inpl::state_param
typenane inpl::data_paran) const;

Description
i mpl public types
1. typedef see-below result_type;
proto:: make<T>::inpl <Expr, State, Data>::result_type iscomputed asfollows:

If T isan ObjectTransform of the form Obj ect ( Ay, ..A,) or Qbj ect (A, ..A, ...),thenlet Obethe return type Cbj ect . Oth-
erwise, let Obe T. Ther esul t _t ype typedef isthen computed as follows:
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e If proto::is_transfornxO>::val ue is true, then let the result type be boost::result_of <proto::when<_,
O>(Expr, State, Data)>::type .Notethat asubstitutiontook place.

» If Oisatemplate like pr ot o: : noi nvoke<S<Xg, ..X,> >, then the result type is calculated as follows:

e Foreachi in[0,n],let X' be boost::result_of <proto:: nake<X;>(Expr, State, Data)>::type (which
evaluatesthis procedure recursively). Note that asubstitution took place. (In this case, Proto merely assumesthat a substitution
took place for the sake of compile-time efficiency. There would be no reason to use pr ot o: : noi nvoke<> otherwise.)

e Theresulttypeis S<Xy', .X; > .

» If Oisatemplate like S<X,, ..X,>, then the result typeis cal culated as follows:

e Foreachi in[0,n],let X' be boost::result_of <proto:: nake<X;>(Expr, State, Data)>::type (which
evaluates this procedure recursively). Note whether any substitutions took place during this operation.

» If any substitutions took place in the above step and S<Xy', ..X,' > has a nested t ype typedef, the result type is
S<Xp', .Xy' >:itype .

e Otherwise, theresult typeis S<Xp', .X,' > .
» Otherwise, the result typeis O, and note that no substitution took place.

Notethat pr ot o: : when<>isimplemented intermsof pr ot o: : cal | <>andpr ot o: : make<>, sothe above procedureisevaluated
recursively.

i mpl public member functions

result_type operator()(typename inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

prot o: : make<T>: : i npl <Expr, St at e, Dat a>: : operat or () behavesasfollows:

e If Tisof theform Q( Ay, ..A,) , then:

e If proto::is_aggregate<result_type>::value istrue,thenconstruct and returnan objectt hat asfollows:

result_type that = {
proto::when<_, Ay>()(expr, state, data),

proto::when<_, A,>()(expr, state, data)
s

¢ Otherwise, construct and return an object t hat asfollows:

result_type that(
proto::when<_, Ag>()(expr, state, data),

proto::when<_, A>()(expr, state, data)
)

» If Tisof theformQ( Ay, ..A, ...),thenletT' beQ( Ay, ..Ar.1, S),Where Sisatype sequence computed from the unpacking
expression A, as described in the reference for pr ot o: : pack. Then, return:

proto:: make<T' >() (expr, state, data)
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» Otherwise, construct and return an object t hat asfollows:

result_type that = result_type();

Header <boost/proto/transform/pass_through.hpp>

Definition of thepr ot o: : pass_t hr ough<> transform, which isthe default transform of all of the expression generator metafunctions
suchasproto::unary_pl us<>, proto:: plus<>andproto::nary_expr<>.

namespace boost {
namespace proto {
tenpl at e<t ypenane G ammar, typenane Domain = proto::deduce_donai n>
struct pass_through;

Struct template pass_through

boost::proto::pass_through — A PrimitiveTransform that transforms the child expressions of an expression node according to the
corresponding children of a Grammar. The resulting expression is in the specified domain.
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Synopsis

/'l I'n header: <boost/proto/transform pass_through. hpp>

tenpl at e<typenane G ammar, typenane Donmain = proto::deduce_donai n>

struct pass_through : proto::transfornx pass_through<G ammar, Domai n> > {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl <Expr, State, Data> {

/'l types

typedef typenane proto::result_of::child_c<Ganmmar, N>::type (€\\} /1 For each O
Nin [O,Expr arity), for exposition only

typedef typenane proto::result_of::child_c<Expr, N> :type EN; /'l For each O
Nin [O,Expr arity), for exposition only

typedef typenane boost::result_of <GN(EN, State, Data)>::type RN; /1 For each O
Nin [O,Expr arity), for exposition only

typedef typenane Expr::proto_tag T; /1 For exO
position only

typedef boost::is_same<Donmi n, deduce_donai n> Deduce; /1 For exO
position only

t ypedef typenane Expr::proto_donain DD; /1 For exO
position only

typedef typenane npl::if_<Deduce, DD, Donmin>::type D, /1 For exO
position only

typedef typenane D:.:proto_generator G /1 For exO
position only

typedef proto::listN<RO,...RN> A, /1 For exO
position only

typedef proto::expr<T, A> E; /1 For exO
position only

typedef proto::basic_expr<T, A> BE; /1 For exO
position only

typedef typenanme npl::if_<proto::wants_basic_expr<G>, BE, E>::type expr_type; /'l For exd
position only

typedef typenane boost::result_of <D(expr_type)>::type result_type

/1 public nmenber functions

result_type operator()(typenanme inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const

Description

Given a Grammar such as pr ot o: : pl us<T0, T1>, an expression type that matches the grammar such as pr ot o: : pl us<EQ,
El>:: type, astate S and adata D, the result of applying the pr ot o: : pass_t hr ough<pr ot o: : pl us<T0, T1> > transformis:

proto::plus<
boost::result_of <TO(EO, S, D) >::type,
boost::result_of <T1(El, S, D) >::type
> type

The above demonstrates how child transforms and child expressions are applied pairwise, and how the results are reassembled into
anew expression node with the same tag type as the original.

The Domai n template parameter determines which domain the resulting expression should bein. If itispr ot o: : deduce_domnai n,
which is the default, the resulting expression is in the same domain as the expression passed in. Otherwise, the resulting expression
isin the specified domain. Practically, that means the specified domain's generator is used to post-process the resulting expression.
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The explicit use of proto:: pass_t hrough<> is not usually needed, since the expression generator metafunctions such as
proto:: pl us<>haveprot o: : pass_t hr ough<> astheir default transform. So, for instance, these are equivalent:

* proto::when< proto::plus<X, Y> proto::pass_through< proto::plus<X Y>> >

e proto::when< proto::plus<X, Y> proto::plus<X Y> >

e proto::when< proto::plus<X, Y> > // because of proto::when<class X, class Y=X>
e proto::plus<X, Y>// because plus<>is both a grammar and a transform

For example, consider the following transform that promotes al f | oat terminalsin an expression to doubl e.

/1 This transformfinds all float term nals in an expression and pronotes
/1 themto doubl es.
struct Pronote :
proto::or_<
proto::when<proto::term nal <fl oat>, proto::term nal <doubl e>::type(proto::_value) >,
/1 termnal<>'s default transformis a no-op:
proto::term nal <proto::_>,
/'l nary_expr<> has a pass_t hrough<> transform
proto::nary_expr<proto::_, proto::vararg<Pronote> >

{1

Struct template impl

boost::proto::pass_through::impl
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Synopsis
/'l In header: <boost/proto/transform pass_through. hpp>

t enpl at e<t ypename Expr, typenanme State, typenane Data>

struct inpl : proto::transform.inpl <Expr, State, Data> {

/'l types

typedef typenanme proto::result_of::child_c<Gamuar, N>::type G\
Nin [O,Expr arity), for exposition only

typedef typenane proto::result_of::child_c<Expr, N> :type EN;
Nin [O,Expr arity), for exposition only

typedef typenane boost::result_of <GN(EN, State, Data)>::type RN
Nin [O,Expr arity), for exposition only

typedef typenane Expr::proto_tag T,
ition only

t ypedef boost::is_sane<Donmin, deduce_donai n> Deduce
ition only

typedef typenane Expr::proto_donain DD
ition only

typedef typenanme npl::if_<Deduce, DD, Donmin>::type D
ition only

typedef typenane D::proto_generator G
ition only

typedef proto::listN<RO,...RN> A
ition only

typedef proto::expr<T, A> E
ition only

typedef proto::basic_expr<T, A> BE
ition only

typedef typenane npl::if_<proto::wants_basi c_expr<G>, BE, E>::type expr_type
ition only

typedef typenane boost::result_of <D(expr_type)>::type result_type

/1 public nmenber functions

result _type operator()(typenanme inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const

Description

i mpl public member functions

result_type operator()(typenamnme inpl::expr_param expr
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Requires: proto:: mat ches<Expr, G ammar>::val ue iStrue.

Returns: D() (expr_type:: make(
@&0() (proto::child_c<0>(expr), state, data),

éNk)(proto::chiId_c<hb(expr), state, data)
))

Header <boost/proto/transform/when.hpp>

Definition of the prot o: : when<> and proto:: ot herw se<> transforms.
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nanespace boost {
nanespace proto {
struct transforns_type;
proto::transforns_type const transforns;

tenpl at e<typenane G amar, typenane PrimitiveTransform = G anmar>
struct when;

t enpl at e<t ypename Grammar, typename Fun> struct when<G anmar, Fun *>;

tenpl at e<typename G ammar, typenane R typenane... A>
struct when<G amar, R(A ..)>;

tenpl at e<typename G ammar, typenane R typenane... A>
struct when<Grammar, R(A .., ...)>;

tenpl at e<t ypenane G amar > struct when<G anmar, proto::external _transforny;

t enpl at e<t ypenane Fun> struct otherw se;
struct external _transform
tenpl at e<typenane. .. Wien> struct external _transforns;

Struct transforms_type

boost::proto::transforms_type— Thetype used to definetheglobal pr ot o: : t r ansf or s, akey for use when creating and accessing
adot in atransform environment for a set of external transforms.

Synopsis
/'l I'n header: <boost/proto/transform when. hpp>

struct transforns_type {

/'l public menmber functions
t enpl at e<t ypenane Val ue>
env<transforns_type, see-bel ow> operator=(Value & const;
t enpl at e<t ypenane Val ue>
env<transforns_type, see-bel ow> operator=(Val ue const &) const;

b

Description

The proto::transforns_type type, aong with the proto::transforns global, are declared using the
BOOST_PROTO_DEFI NE_ENV_VAR() macro.

transfornms_t ype public member functions

L t enpl at e<t ypenane Val ue>

env<transforns_type, see-bel ow> operator=(Value & value) const;
t enpl at e<t ypenane Val ue>
env<transforns_type, see-bel ow> operator=(Value const & value) const;

If Value is a specialization boost: :ref erence_w apper <T>, this function returns env<transforns_type, T
&>(val ue. get()).

Else, if the type Val ue is non-copyable (i.e., a function, an array, abstract, or an ostream), this function returns env<t r ans-
forms_type, Value cv &>(val ue),wherecv isconst for the second overload, and empty for the first.
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Otherwise, thisfunction returnsenv<t r ansf or ns_t ype, Val ue>(val ue).

Global transforms

boost::proto::transforms
Synopsis

/'l In header: <boost/proto/transform when. hpp>

proto::transforns_type const transforns;

Description

A key key for use when creating and accessing a slot in atransform environment for a set of external transforms.

Struct template when

boost::proto::when — A grammar element and a PrimitiveTransform that associates a transform with the grammar.
Synopsis

/'l In header: <boost/proto/transform when. hpp>

t enpl at e<t ypenanme G ammar, typenane PrinitiveTransform = G amar>

struct when :  PrinitiveTransform {
/'l types
typedef typename G ammar::proto_gramrar proto_granmmar;
H
Description

Use pr ot o: : when<> to override a grammar's default transform with a custom transform. It is for used when composing larger
transforms by associating smaller transforms with individual rulesin your grammar, as in the following transform which counts the
number of terminalsin an expression.

/1 Count the terminals in an expression tree.
/'l Must be invoked with initial state == npl::int_<0>().
struct Count Leaves :
proto::or_<
proto::when<proto::termnal <proto::_>, npl::next<proto::_state>()>,
proto::otherw se<proto::fold<proto::_, proto::_state, CountlLeaves> >
>

{}:
Inproto::when<G T>, whenTisaclasstypeitisaPrimitiveTransform and the following equivalencies hold:
* boost::result_of <proto::when<G T>(E, S, V) >::typeisthesameasboost::result_of <T(E, S, V) >: : type.

e proto::when<G T>() (e, s, d) isthesameasT() (e, s, d).

Struct template when<Grammar, Fun *>

boost::proto::when<Grammar, Fun *> — A specialization that treats function pointer Transforms as if they were function type
Transforms.
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Synopsis

/'l I n header: <boost/proto/transform when. hpp>

t enpl at e<t ypename Grammar, typename Fun>

struct when<Grammar, Fun *> : proto::when< Gramar, Fun > {
b
Description

This specialization requires that Fun is actually afunction type.

This specialization is required for nested transforms such as pr ot o: : when<G, TO(T1(_)) >. In C++, functions that are used as
parameters to other functions automatically decay to funtion pointer types. In other words, the type TO( T1(_) ) isindistinguishable
fromTO(T1(*) (_)) . Thisspeciaization is required to handle these nested function pointer type transforms properly.

Struct template when<Grammar, R(A...)>

boost::proto::when<Grammar, R(A...)> — A grammar element and a Transform that associates a transform with the grammar.
Synopsis

/'l 1n header: <boost/proto/transform when. hpp>

tenpl at e<t ypenanme Grammar, typenane R typenanme... A>
struct when<Gramar, R(A ..)>: proto::transfornk when<G amar, R(A ..)> > {
/'l types

typedef typenane G anmar::proto_grammar proto_granmar;

/1 menber classes/structs/unions
t enpl at e<t ypenanme Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef proto::call <R(A ..)> call _; /1 For exO
position only
typedef proto::make<R(A ..)> make_; /1 For exO
position only
typedef typename npl::if_<proto::is_callable<R> call_, make_>::type which; /'l For exO

position only
typedef typenane boost::result_of <whi ch(Expr, State, Data)>::type result_type;

/'l public menber functions

result _type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_paran) const;

Description

Use pr ot 0: : when<> to override a grammar's default transform with a custom transform. It is for use when composing larger
transforms by associating smaller transforms with individual rulesin your grammar.

Thewhen<G R(A. . .)>formacceptseither aCallableTransform or an ObjectTransform asits second parameter. pr ot o: : when<>
usesprot o: :i s_cal | abl e<R>: : val ue todistinguish between thetwo, and usespr ot o: : cal | <>toevaluate CallableTransforms
and pr ot o: : nake<> to evaluate ObjectTransforms.
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Struct template impl

boost::proto::when<Grammar, R(A...)>::impl
Synopsis
/'l I'n header: <boost/proto/transform when. hpp>

t enpl at e<t ypename Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {

/'l types

typedef proto::call<R(A ..)> call _; /'l For exposO
ition only

typedef proto::nmake<R(A ..)> nmake_; /'l For exposO
ition only

typedef typenane npl::if_<proto::is_callable<R> call_, make_>::type which; /'l For exposO
ition only

typedef typenane boost::result_of <which(Expr, State, Data)>::type result_type;

/1 public nmenber functions

result_type operator()(typenane inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result_type operator()(typename inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Evaluate R(A...) as a transform either with proto::call<> or with proto:: mke<> depending on whether
proto::is_callabl e<R>::val ueistrue orfal se.
Parameters: data An arbitrary data
expr The current expression
state Thecurrent state
Requires: prot o: : mat ches<Expr, G ammar>::val ueistrue.
Returns: whi ch() (expr, state, data)

Struct template when<Grammar, R(A..., ...)>

boost::proto::when<Grammar, R(A..., ...)> — A grammar element and a Transform that associates a transform with the grammar.
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Synopsis

/'l I n header: <boost/proto/transform when. hpp>

tenpl at e<t ypenane Granmmar, typename R typenanme... A>
struct when<Gramar, R(A .., ...)>: proto::transfornk when<G ammar, R(A. .., ...)> > {
/'l types

typedef typename G anmmar:: proto_granmar proto_gramar;

/'l menber cl asses/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {
/'l types
typedef proto::call<R(A .., ...)> call _; [l For exO
position only
typedef proto::make<R(A .., ...)> make_; [l For exO
position only
typedef typenane npl::if_<proto::is_callable<R> call_, nake_>::type which; /1 For exd

position only
typedef typenane boost::result_of <which(Expr, State, Data)>::type result_type;

/1 public nmenber functions
result_type operator()(typenanme inpl::expr_param

typenane inpl::state_param
typenane inpl::data_param const;

Description

Use prot o: : when<> to override a grammar's default transform with a custom transform. It is for use when composing larger
transforms by associating smaller transforms with individual rulesin your grammar.

The when<G R(A..., ...)> form accepts either a CallableTransform or an ObjectTransform as its second parameter.
prot o: : when<>usesprot o: : i s_cal | abl e<R>: : val ue to distinguish between the two, and usespr ot o: : cal | <> to evaluate
CallableTransforms and pr ot o: : nake<> to evaluate ObjectTransforms.

Note: Inthespecidizationwhen<G R(A. .., ...)>,thefirst ellipsisdenotesaC++11-stylevariadic template (which isemulated
for C++98 compilers). The second ellipsisis a C-style vararg.

Struct template impl

boost::proto::when<Grammar, R(A..., ...)>::impl
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Synopsis
/'l I n header: <boost/proto/transform when. hpp>

t enpl at e<t ypename Expr, typenanme State, typenane Data>

struct inpl : proto::transform.inpl< Expr, State, Data > {

/'l types

typedef proto::call<R(A .., ...)> call _; /'l For exposO
ition only

typedef proto::nmake<R(A .., ...)> make_; /'l For exposO
ition only

typedef typenane npl::if_<proto::is_callable<R> call_, make_>::type which; /'l For exposO
ition only

typedef typenane boost::result_of <which(Expr, State, Data)>::type result_type;

/1 public nmenber functions

result_type operator()(typenanme inpl::expr_param
typenane inpl::state_param
typenane inpl::data_param const;

Description

i mpl public member functions

result_type operator()(typenanme inpl::expr_param expr,
typenane inpl::state_param state,
typenane inpl::data_param data) const;

Evaluate R(A..., ...) as a transform either with proto::cal |l <> or with proto:: make<> depending on whether
proto::is_callable<R>::valueistrueorfal se.
Parameters: dat a An arbitrary data

expr The current expression

state Thecurrent state
Requires: prot o: : mat ches<Expr, G ammar>::val ueistrue.
Returns: whi ch() (expr, state, data)

Struct template when<Grammar, proto::external _transform>

boost::proto::when<Grammar, > — A grammar element that associates an externally-specified transform with the grammar. The
transform islooked up in the Data parameter using the Grammar as a key.
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Synopsis

/'l I n header: <boost/proto/transform when. hpp>

t enpl at e<t ypenanme G anmmar >
struct when<G ammar, proto::external _transform :

proto::transfornk when<G anmmar, proto::external _transform >

{
/'l types
typedef typenanme G anmar::proto_granmar proto_granmar;

/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
boost: : renmove_ref erence<
typenanme npl::eval _if_c<
proto::result_of::has_env_var<Data, proto::transforns_type>::val ue,
proto::result_of::env_var<Data, proto::transforns_type>,
proto::result_of::env_var<Data, proto::data_type>
> type
> type
;. tenpl ate when< G ammar >
c:tenplate inpl< Expr, State, Data >

Description

Use prot o: : when<> to override a grammar's default transform with a custom transform. It is for use when composing larger
transforms by associating smaller transforms with individual rulesin your grammar.

Thewhen<G, proto::external _transfornme indicates that the associated transform is not yet known. 1t should be looked up
when thetransform is about to be applied. It isfound by looking it up in the passed-in Data parameter, which behaveslike acompile-
time map from grammar types to transform types. The map is indexed using G- anmar as a key. The associated value type is used
asthetransform to apply. In thisway, the same grammar can be used to define multiple evaluating strategies that can be added post-
hoc.

Seeproto: : ext ernal _transforns for an example.

Struct template impl

boost::proto::when<Grammar, >::impl
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Synopsis
/'l I n header: <boost/proto/transform when. hpp>

t enpl at e<t ypenane Expr, typenane State, typenane Data>
struct inpl
boost: : renmove_reference<
typenanme npl::eval _if_c<
proto::result_of::has_env_var<Data, proto::transforns_type>::val ue,
proto::result_of::env_var<Data, proto::transforns_type>,
proto::result_of::env_var<Data, proto::data_type>
> type
> type
;. tenpl ate when< G ammar >
c:tenplate inpl< Expr, State, Data >

Description

The implementation of thei npl struct depends on whether the Dat a parameter is a transform environment that contains a value
corresponding to the proto::transforms_type key. If so, that value istreated as a map from rules to transforms. Otherwise, the Dat a
typeitself istreated as such a map.

Struct template otherwise

boost::proto::otherwise — Syntactic sugar for pr ot 0: : when< proto:: _, Fun >, for useingrammarsto handle all the cases not
yet handled.

Synopsis

/1 I'n header: <boost/proto/transform when. hpp>

t enpl at e<t ypenane Fun>

struct otherwise : proto::when< proto::_, Fun > {
}
Description
Usepr ot o: : ot her wi se<T>inyour grammarsasasynonymfor pr ot o: : when< proto::_, Fun >asinthefollowingtransform

which counts the number of terminals in an expression.

/1 Count the terminals in an expression tree.
/'l Must be invoked with initial state == npl::int_<0>().
struct Count Leaves :
proto::or_<
proto::when<proto::termnal <proto::_>, npl::next<proto::_state>()>,
proto::otherw se<proto::fold<proto::_, proto::_state, CountlLeaves> >
>

{1

Struct external_transform

boost::proto::external_transform — A placeholder for use as the second parameter for pr ot o: : when to indicate that the rule's
transform is specified externaly.
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Synopsis
/'l I n header: <boost/proto/transform when. hpp>

struct external _transform {

b
Description

Seeprot o: : ext ernal _t ransf or ns for an example.

Struct template external transforms

boost::proto::external_transforms — A map from grammars to transforms, used as away to externally associate transforms.
Synopsis

/1 I'n header: <boost/proto/transform when. hpp>

tenpl at e<t ypenane. .. Wen>
struct external _transforms {
/'l types

typedef npl::map< typenanme to_npl _pair< When >::type... > map_type; // For exposition only.

/1 menber classes/structs/unions
t enpl at e<t ypenane G ammar >
struct when :
proto::otherw se< typenane npl::at< map_type, G anmar >::type >
{
I
I

Description

It is sometimes desirable to define a grammar that can be customized with different sets of transforms. To do that, where you would
normally specify atransform within agrammar, you caninstead put pr ot o: : ext er nal _t r ansf or i for example: pr ot o: : when<
some_grammar, proto::external _transform >. Then, when invoking the grammar, you can pass an approriately-defined
instance of pr ot o: : ext er nal _t r ansf or ms asthe Data parameter. When an expression matchessone_gr ammar , Proto will look
up the approprite transform in the Data parameter using some_gr ammar as a key.
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struct int_term nal
proto::termnal <int>

{1

struct char_term nal
proto::term nal <char>

{1

struct my_granmmar
proto::or_<
/1 The next two grammar rules are custom zation points.
/1 The associated transforns are specified externally
/'l using external _transforns bel ow
proto::when< int_termnal, proto::external _transform >
, proto::when< char_termnal, proto::external _transform >
, proto::when<
proto::plus< ny_granmmar, ny_granmar >
, proto::fold< proto::_, int(), ny_gramar >
>

{1

/'l Here is where the transforns are associated with the
/1 grammar rul es above.
struct my_transforns
proto::external _transforns<
proto::when<int_termnal, print(proto::_value)>
, proto::when<char_termnal, print(proto::_value)>

>
{h
I
proto::literal<int>i(1);
proto::literal <char> c('a');

ny_transforns trx;

/1 Evaluate "i+c" using nmy_granmmar with the specified transforns:
ny_gramar()(i + ¢, 0, trx);

/1 If you would also like to pass arbitrary data along with the

/'l transforns, you can use a transform environnent, as so:
ny_gramar()(i + ¢, 0, (proto::data = 42, proto::transforns = trx));

Struct template when

boost::proto::external _transforms::when
Synopsis
/'l I'n header: <boost/proto/transform when. hpp>

t enpl at e<t ypenanme G anmmar >
struct when :
proto::otherw se< typenane npl::at< map_type, G anmar >::type >
{
b
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Header <boost/proto/context.hpp>

Includes all the built-in evaluation contexts of Proto.

Header <boost/proto/context/callable.hpp>

Definintion of proto: : context::call abl e_cont ext <>, an evaluation context for pr ot o: : eval () that fans out each node
and calls the derived context type with the expressions constituents. If the derived context doesn't have an overload that handles this
node, fall back to some other context.

namespace boost {
namespace proto {
nanespace context {
tenpl at e<t ypenane Expr, typenane Context> struct call able_eval;
t enpl at e<t ypenane Cont ext,

typenanme DefaultCtx = proto::context::default_context>
struct call abl e_cont ext;

Struct template callable_eval

boost::proto::context::callable_eval — A BinaryFunction that accepts a Proto expression and a callable context and calls the context
with the expression tag and children as arguments, effectively fanning the expression out.

Synopsis

/'l 1In header: <boost/proto/context/callable.hpp>

t enpl at e<t ypenane Expr, typenane Context >
struct callable_eval {
/'l types
typedef typenanme boost::result_of<
Cont ext (
typename Expr::proto_tag,
typename proto::result_of::child_c<0>::type,

typename proto::result_of::child_c<N>: :type,
)> i type
result_type;

/1 public menber functions
result_type operator()(Expr & Context &) const;
H

Description

proto::context::callabl e_eval <> requiresthat Cont ext isa PolymorphicFunctionObject that can be invoked with Expr 's
tag and children as expressions, as follows:

context (typename Expr::proto_tag(), proto::child_c<0>(expr), ... proto::child_c<N>(expr))
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cal | abl e_eval public member functions

result _type operator()(Expr & expr, Context & context) const;

Parameters: context  The callable evaluation context
expr The current expression
Returns: cont ext (typenamne Expr::proto_tag(), proto::child_c<0>(expr),...

proto::child_c<N>(expr))

Struct template callable context

boost::proto::context::callable_context — An evaluation context adaptor that makes authoring a context a simple matter of writing
function overloads, rather then writing template specializations.

Synopsis

/'l I'n header: <boost/proto/context/callable.hpp>

t enpl at e<t ypenane Cont ext,
typenanme DefaultCtx = proto::context::default_context>

struct call abl e _context {

/1 menber cl asses/structs/unions

t enpl at e<t ypenane Expr, typenane Thi sContext = Context>

struct eval : see-bel ow {

s
s

Description

proto:: cal | abl e_cont ext <> is a base class that implements the context protocol by passing fanned-out expression nodes to
the derived context, making it easy to customize the handling of expression types by writing function overloads. Only those expression
types needing specia handling require explicit handling. All others are dispatched to a user-specified default context, Def aul t Ct x.

proto::cal | abl e_cont ext <> isdefined simply as:

tenpl at e<t ypenane Context, typenane DefaultCtx = defaul t_context>
struct call abl e _context {
t enpl at e<t ypenane Expr, typenane Thi sContext = Context>
struct eval
mpl ::if_<
i s_expr_handl ed_<Expr, Context>, // For exposition
proto::context::callabl e_eval <Expr, Thi sContext >,
typenanme Defaul tCtx::tenpl ate eval <Expr, Context>
> type
{};
i

The Boolean metafunctioni s_expr _handl ed_<> uses metaprogramming tricks to determine whether Cont ext hasan overloaded
function call operator that accepts the fanned-out constituents of an expression of type Expr . If so, the handling of the expression
isdispatched to pr ot o: : cont ext : : cal | abl e_eval <>. If not, it is dispatched to the user-specified Def aul t Ct x.

Example:
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/1 An evaluation context that increnments all

/'l integer terminals in-place.

struct increnent_ints :
proto::context::callable_context<

i ncrement _ints const /1 derived context
proto::context::null_context const [/ fall-back context
>
{
typedef void result_type;
/1l Handle int terminals here:
voi d operator()(proto::tag::termnal, int & ) const
{
++i
}
b

Withi ncrement _i nt s, we can do the following:

proto::literal<int>i =0, j = 10;
proto::eval ( i - j * 3.14, increnent_ints() );
assert( i.get() == 1 & j.get() == 11 );

Struct template eval

boost::proto::context::callable_context::eval
Synopsis
/'l 1n header: <boost/proto/context/callable.hpp>

t enpl at e<t ypenane Expr, typenane Thi sContext = Context>

struct eval : see-below {
i
Description

A BinaryFunction that accepts an Expr and aCont ext , and either fans out the expression and passesit to the context, or else hands
off the expression to Def aul t Ct x.

If Cont ext isaPolymorphicFunctionObject such that it can be invoked with the tag and children of Expr, asct x(t ypenanme Ex-
pr::proto_tag(), child_c<0>(expr),... child_c<N>(expr)), then eval <Expr, Thi sContext> inherits from
proto::context::callable eval <Expr, ThisContext>. Otherwise, eval <Expr, Thi sCont ext> inherits from De-
faul t &t x: : eval <Expr, Context>.
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Header <boost/proto/context/default.hpp>

nanespace boost {
nanespace proto {
namespace context {
t enpl at e<t ypenane Expr, typenane Context> struct default_eval;
struct default_context;

}
}
}

Struct template default_eval

boost::proto::context::default_eval — A BinaryFunction that accepts a Proto expression and acontext, eval uates each child expression
with the context, and combines the result using the standard C++ meaning for the operator represented by the current expression
node.

Synopsis

/'l In header: <boost/proto/context/default.hpp>

t enpl at e<t ypenane Expr, typenane Context>
struct default_eval {

/'l types
typedef typenane Expr::tag_type Tag; /'l For exposition only
t ypedef see-bel ow resul t _type;

/'l public menber functions
result_type operator()(Expr & Context &) const;

/1l public data nenbers

static Expr & s_expr; [// For exposition only
static Context & s_context; // For exposition only

Description
Let OP be the C++ operator corresponding to Expr : : prot o_t ag. (For example, if Tag is proto::tag::plus,let OPbe+.)

The behavior of this classis specified in terms of the C++0x decl t ype keyword. In systems where this keyword is not available,
Proto uses the Boost. Typeof library to approximate the behavior.

def aul t _eval public types
1. typedef see-below result_type;

* If Tag corresponds to a unary prefix operator, then the result type is

decl type(
OP proto::eval (proto::child(s_expr), s_context)

)

* If Tag corresponds to a unary postfix operator, then the result typeis
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decl type(
proto::eval (proto::child(s_expr), s_context) OP

)

« If Tag corresponds to a binary infix operator, then the result typeis

decl type(
proto::eval (proto::left(s_expr), s_context) OP
proto::eval (proto::right(s_expr), s_context)

)

e If Tagis proto::tag::subscript ,thentheresulttypeis

decl type(
proto::eval (proto::left(s_expr), s_context) [
proto::eval (proto::right(s_expr), s_context) ]

)

* If Tagis proto::tag::if_else_ ,thentheresulttypeis

decl type(
proto::eval (proto::child_c<0>(s_expr), s_context) ?
proto::eval (proto::child_c<l>(s_expr), s_context)
proto::eval (proto::child_c<2>(s_expr), s_context)

)

* If Tagis proto::tag::function ,thentheresulttypeis

decl type(
proto::eval (proto::child_c<0>(s_expr), s_context) (
proto::eval (proto::child_c<l>(s_expr), s_context)

proto::eval (proto::child_c<N>(s_expr), s_context) )

)

defaul t _eval public member functions
result _type operator()(Expr & expr, Context & context) const;
 If Tag correspondsto a unary prefix operator, then return

OP proto::eval (proto::child(expr), context)

* If Tag corresponds to a unary postfix operator, then return

proto::eval (proto::child(expr), context) OP

* If Tag corresponds to a binary infix operator, then return
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proto::eval (proto::left(expr), context) OP
proto::eval (proto::right(expr), context)

» If Tagis proto::tag::subscript ,thenreturn
proto::eval (proto::left(expr), context) [
proto::eval (proto::right(expr), context) ]

* If Tagis proto::tag::if_else_ ,thenreturn
proto::eval (proto::child_c<0>(expr), context) ?
proto::eval (proto::child_c<l>(expr), context)
proto::eval (proto::child_c<2>(expr), context)

render

e If Tagis proto::tag::function ,thenreturn
proto::eval (proto::child_c<0>(expr), context) (
proto::eval (proto::child_c<l>(expr), context),
proto::eval (proto::child_c<N>(expr), context) )

Parameters: context  Theevaluation context

expr The current expression

Struct default_context

boost::proto::context::default_context — An evaluation context that gives the operators their normal C++ semantics.
Synopsis

/1 I'n header: <boost/proto/context/default.hpp>

struct default_context {
/'l menber classes/structs/unions
t enpl at e<t ypenane Expr, typenane Thi sCont ext
struct eval proto::context::default_eval < Expr
b

b

= defaul t _context const>
Thi sContext > {

Description

An evaluation context that gives the operators their normal C++ semantics.

Struct template eval

boost::proto::context::default_context::eval
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Synopsis
/'l In header: <boost/proto/context/default.hpp>

tenpl at e<t ypenane Expr, typenane Thi sContext = default_context const>
struct eval : proto::context::default_eval < Expr, ThisContext > {

I

Header <boost/proto/context/null.hpp>

Definintion of prot o: : cont ext : : nul | _cont ext <>, an evaluation context for pr ot o: : eval () that simply evaluates each child
expression, doesn't combine the results at all, and returns void.

namespace boost {
namespace proto {
nanespace context {
tenpl at e<t ypenane Expr, typenane Context> struct null _eval
struct null _context;

}
}
}

Struct template null_eval

boost::proto::context::null_eval
Synopsis

/'l In header: <boost/proto/context/null.hpp>
t enpl at e<t ypenanme Expr, typenane Context>
struct null _eval {

/'l types

typedef void result_type

/'l public menber functions

voi d operator()(Expr & Context & const;
i

Description

nul | _eval public member functions
voi d operator()(Expr & expr, Context & context) const;
For Nin[ 0, Expr arity),evauate

proto::eval (proto::child_c<N>(expr), context)
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Struct null_context

boost::proto::context::null_context — An evaluation context for proto::eval() that simply evaluates each child expression, doesn't
combine the results at al, and returns void.

Synopsis
/'l I'n header: <boost/proto/context/null.hpp>

struct null _context {
/'l menber classes/structs/unions
tenpl at e<t ypenane Expr, typenane Thi sContext = null _context const>
struct eval : proto::context::null_eval < Expr, ThisContext > {
}
}

Description

Struct template eval
boost::proto::context::null_context::eval
Synopsis

/'l 1n header: <boost/proto/context/null.hpp>

t enpl at e<t ypenane Expr, typenane Thi sContext = null _context const>
struct eval : proto::context::null_eval < Expr, ThisContext > {

I

Concept CallableTransform

CallableTransform

Description
A CallableTransform is afunction type or afunction pointer type where the return type Fn is a PolymorphicFunctionObject and the
arguments are Transforms. is_callable< Fn >::value must be true. The CallableTransform, when applied, has the effect of invoking
the polymorphic function object Fn, passing as arguments the result(s) of applying transform(s) Tn.
Associated types
e result_type

boost: :resul t _of <Fn(TransfornxkTn, Expr, State, Data>: :result_type...)> :type

The result of applying the CallableTransform.

Notation

Fn A type playing the role of polymorphic-function-object-type in the CallableTransform concept.
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Tn A type playing the role of transform-type in the CallableTransform concept.
Expr A type playing the role of expression-type in the CallableTransform concept.
State A type playing the role of state-type in the CallableTransform concept.

Data A type playing the role of data-type in the CallableTransform concept.

fn Object of type Fn

expr Object of type Expr

state Object of type State

dat a Object of type Data

Valid expressions

Name Expression Type Semantics

Apply Transform when< _, Fn(Tn...)>()(expr, result type Appliesthe transform.
state, data)

Models

* boost::proto::_child(boost::proto::_left)

Concept Domain

Domain

Description

A Domain creates an association between expressions and a so-called generator, which is a function that maps an expression in the
default domain to an equivalent expression in thisDomain. It also associates an expression with agrammar, to which all expressions
within this Domain must conform.

Associated types

e proto_grammar
Dorei n: : prot o_gramar

The grammar to which every expression in this Domain must conform.

* proto_generator

Domai n: : prot o_gener at or

A Unary Polymorphic Function that accepts expressions in the default domain and emits expressions in this Domain.

e proto_super_domain

Donei n: : prot o_super _domai n
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The Domain that is a super-domain of this domain, if any such domain exists. If not, it is some unspecified type.

result_type
boost: :resul t _of <Domai n( Expr)>::type

Thetype of the result of applying pr ot o_gener at or to the specified expression type. The result isrequired to model Expr. The
domain type associated withresul t _t ype (resul t _type: : prot o_domai n) isrequired to be the same type as this Domain.

as expr_result_type
Domai n: : as_expr<Obj ect>: :resul t _type

Theresult of converting some type to a Proto expression type in thisdomain. Thisis used, for instance, when calculating the type
of avariableto hold a Proto expression. as_expr _r esul t _t ype models Expr .

as child_result_type
Domai n: : as_chi | d<Cbj ect>::result_type

The result of converting some type to a Proto expression type in this domain. Thisis used, for instance, to compute the type of an
object suitable for storage asa child in an expression tree. as_chi | d_r esul t _t ype models Expr .

Notation

Domain A type playing the role of domain-type in the Domain concept.

Expr A type playing the role of expression-type in the Domain concept.

Object A type playing the role of object-type in the Domain concept.

d

e

Object of type Domain
Object of type Expr

Object of type Object
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Valid expressions

Name Expression Type Semantics

Apply Generator d(e) result_type The result of applying
proto_generator to the
specified expression.

As Expression Domain::as_expr< Object as expr_result_type Theresult of converting some
>()(0) object to aProto expressionin

this domain. It returns a Proto
expression object that is suit-
able for storage in a variable.
It should return a new object,
which may be a copy of the

object passed in.
As Child Domain::as child<  Object as child result_type The result of converting some
>()(0) object to aProto expressionin

this domain. It returns an ob-
ject suitable for storage as a
child in an expression tree,
which may simply be a refer-
ence to the object passed in.

Models

* boost::proto::default_domain

Concept Expr
Expr
Description

An Expr represents a tagged node in an expression tree. The children of the Expr must themselves satisfy the Expr concept. The
Expr has an arity representing the number of children. If the number of children is zero, the Expr also has avalue. An Expr aso has
an associated Domain.

Associated types
e proto_tag
Expr::proto_tag

The tag type of the Expr.

e proto_args
Expr::proto_args

A typelist representing either the types of the child nodes, or, if the arity of the Expr is 0, of the value of the terminal.

e proto_arity
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Expr::proto_arity
The arity (number of child nodes) of the Expr. prot o_arity isan MPL Integral Constant.
e proto_grammar
Expr: : prot o_grammar

A typedef for an instantiation of prot o: : basi c_expr<> that is equivalent to Expr. Expression types are equivalent if they
havethesameproto_tag, proto_args,andproto_arity.

» proto_base expr
Expr:: proto_base_expr

A typedef for an instantiation of pr ot o: : expr <> or pr ot o: : basi c_expr <> that is equivalent to Expr. Expression types are
equivalent if they havethe sameprot o_tag, proto_args,andproto_arity.

e proto_derived_expr
Expr::proto_derived_expr
A typedef for Expr .
e proto_domain
Expr::proto_donmain
The Domain of the Expr. pr ot o_domai n models Domain.
e proto_childN
Expr::proto_chil dN
The type of the Nth child of Expr. RequiresO == N::value || N :value < proto_arity::value

Notation

Expr A type playing the role of expession-type in the Expr concept.

Tag A type playing the role of tag-type in the Expr concept.

Domain A type playing the role of domain-type in the Expr concept.

N A type playing the role of mpl-integral-constant-type in the Expr concept.

e Object of type Expr

395

render

httpo://www.renderx.com/


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

Boost.Proto

Valid expressions

Name

Get N-th Child

Get Terminal Value

Get Base

Models

* boost::proto::literal< int >

Expression

boost::proto::child< N >(e)

boost::proto::value(e)

e.proto_base()

Concept ObjectTransform

ObjectTransform

Description

Type

proto_childN

proto_childo

proto_base expr

Semantics

Extracts the Nth child from
thisExpr. RequiresN: : val ue
< proto_arity::val ue.

Extracts the value from a ter-
minal Expr. Requires 0 ==
proto_arity::val ue.

Returns an object of type
proto::expr<> or
prot o: : basi c_expr <> that
isequivalenttoe.

An ObjectTransform is a function type or a function pointer type where the return type Obj is a an object type and the arguments
are Transforms. is_callable< Obj >::value must be false. The ObjectTransform, when applied, hasthe effect of constructing an object
of type Obj' (see below), passing as construction parameters the result(s) of applying transform(s) Tn.

The type Obj may be a template specialization representing a compile-time lambda expression. For instance, if Obj is std::pair<
proto::_vaue, int >, theresult type of the ObjectTransform is computed by replacing the type proto::_value with the result of applying
the proto::_value transform. For given types Obj, Expr, State and Data, we can say that the type Obj' represents the type Obj after
al nested transforms have been replaced with the results of applying the transformswith Expr, State and Data astransform arguments.

If the type Obj is not atemplate specialization representing a compile-time lambda expression, then the result type Obj' is the same

as Obj.

Notation

Obj A type playing the role of object-type in the ObjectTransform concept.

Tn A type playing the role of transform-type in the ObjectTransform concept.

Expr A type playing the role of expression-type in the ObjectTransform concept.

State A type playing the role of state-type in the ObjectTransform concept.

Data A type playing the role of data-type in the ObjectTransform concept.

expr Object of type Expr

state Object of type State

dat a Object of type Data
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Valid expressions

Name Expression Type Semantics
Apply Transform when< _, Obj(Tn...)>()(expr, Obj' Appliesthe transform.
state, data)
Models

* std::pair< boost::proto::_value, int >(boost::proto::_value, int())

Concept PolymorphicFunctionObject

PolymorphicFunctionObject

Description

A typethat can be called and that follows the TR1 ResultOf protocol for return type calculation.

Associated types

* result_type
resul t _of <Fn( A0, ... An)>::type

The result of calling the Polymorphic Function Object.

Notation
Fn A type playing the role of polymorphic-function-object-type in the PolymorphicFunctionObject concept.
fn Object of type Fn

ao,...an Object of typeAO,...An

Valid expressions

Name Expression Type Semantics
Function Call fn(a0,...an) result_type Calls the function object.
Models

o std::plus<int>

Concept PrimitiveTransform
PrimitiveTransform
Description

A PrimitiveTransform isaclasstypethat hasanested classtemplate called i npl <> that takes three templ ate parameters representing
an expression type, astate type and adatatype. Specializations of the nested impl template are ternary monomorphic function objects
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that accept expression, state, and data parameters. A PrimitiveTransform is also a Polymorphi cFunctionObject implemented in terms

of the nested i npl <> template.

Associated types

* result_type
typenane Fn::tenplate inpl <Expr, State, Data>::result_type

The return type of the overloaded function call operator.

Notation

Fn A type playing the role of primitive-transform-type in the PrimitiveTransform concept.
Expr A type playing the role of expression-type in the PrimitiveTransform concept.

State A type playing the role of state-type in the PrimitiveTransform concept.

Data A type playing the role of data-typein the PrimitiveTransform concept.

fn Object of type Fn

expr Object of type Expr

state Object of type State

dat a Object of type Data

Valid expressions

Name Expression Type

Polymorphic FunctionCall 1~ fn(expr) result_type
Polymorphic Function Call 2 fn(expr, state) result_type
Polymorphic Function Call 3~ fn(expr, state, data) result_type

Monomorphic Function Call  typename Fn::template impl<  result_type
Expr, State, Data >()(expr,

state, data)
Models
* boost::proto::_child_c< 0>
Concept Transform
Transform
Description

A Transform is a PrimitiveTransform, a CallableTransform or an ObjectTransform.

Semantics

Appliesthe transform.
Applies the transform.
Applies the transform.

Applies the transform.
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Associated types
* result_type

boost::result_of <when< _, Tn >(Expr, State,

The result of applying the Transform.

Notation

Tn A type playing the role of transform-type in the Transform concept.
Expr A type playing the role of expression-type in the Transform concept.
State A type playing the role of state-type in the Transform concept.

Data A type playing the role of data-type in the Transform concept.

expr Object of type Expr

state Object of type State

dat a Object of type Data

Valid expressions

Dat a) >: : type

Name Expression Type Semantics
Apply Transform when< _, Tn >()(expr, state, result_type Appliesthe transform.
data)
Models
 boost::proto::_child(boost::proto::_left)
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Appendices
Appendix A: Release Notes

Boost 1.51

Unpacking Expressions

In Boost 1.51, Proto got simple unpacking patterns. When working with Proto transforms, unpacking expressions are useful for un-
packing the children of an expression into afunction call or an object constructor, while optionally applying some transformations
to each child in turn.

See the Unpacking Expressions section for more information.

Boost 1.44

Behavior Change: proto::and_<>

In Boost 1.44, the behavior of pr ot o: : and_<> as atransform changed. Previously, it only applied the transform associated with
the last grammar in the set. Now, it applies al the transforms but only returns the result of the last. That makesit behave like C++'s
comma operator. For example, agrammar such as:

proto::and_< Q, Gl, & >
when evaluated with an expression e now behaves like this:

((void) () (e), (void)Gl()(e), &()(e))

E Note
Why the void casts? It's to avoid argument-dependent lookup, which might find an overloaded comma operator.

Behavior Change: proto::as expr() and proto::as _child()

Thefunctionspr ot o: : as_expr () andproto: : as_chi | d() areused to guarantee that an object isaProto expression by turning
it into oneif it is not already, using an optionally specified domain. In previous releases, when these functions were passed a Proto
expression in adomain different to the one specified, they would apply the specified domain's generator, resulting in atwice-wrapped
expression. This behavior was surprising to some users.

The new behavior of these two functions is to always leave Proto expressions alone, regardless of the expressions domains.
Behavior Change: proto::(pod_)generator <> and proto::basic_expr<>

Usersfamiliar with Proto's extension mechanism have probably used either pr ot o: : gener at or <> or pr ot o: : pod_gener at or <>
with awrapper template when defining their domain. In the past, Proto would instantiate your wrapper template with instances of
prot o: : expr <>.InBoost 1.44, Proto now instantiates your wrapper template with instances of anew type: pr ot o: : basi c_expr <>.

For instance:
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/'l An expressi on wrapper
t enpl at e<cl ass Expr>
struct my_expr_wrapper;

/1 A domain
struct my_donain
proto:: domei n< proto::generator< ny_expr_w apper > >

i

t enpl at e<cl ass Expr>
struct my_expr_w apper
proto:: extends<Expr, ny_expr_wrapper <Expr>, ny_donai n>

{

/'l Before 1.44, Expr was an instance of proto::expr<>
/1 In 1.44, Expr is an instance of proto::basic_expr<>

b

The motivation for this change was to improve compile times. pr ot o: : expr <> isan expensivetypeto instantiate because it defines
a host of member functions. When defining your own expression wrapper, the instance of pr ot o: : expr <> sits as a hidden data
member function in your wrapper and the members of pr ot o: : expr <> go unused. Therefore, the cost of those member functions
iswasted. In contrast, pr ot o: : basi ¢_expr <> isavery lightweight type with no member functions at all.

The vast mgjority of programs should recompile without any source changes. However, if somewhere you are assuming that you
will be given instances specifically of pr ot o: : expr <>, your code will break.

New Feature: Sub-domains

In Boost 1.44, Proto introduces an important new feature called "sub-domains”. This gives you away to spcify that one domain is
compatible with another such that expressions in one domain can be freely mixed with expressions in another. You can define one
domain to be the sub-domain of another by using the third template parameter of pr ot o: : donmai n<>.

For instance:

/'l Not shown: define sone expression
/'l generators genA and genB

struct A
proto::domai n< genA, proto::_ >

i

/1 Define a domain B that is the sub-domain
/1 of domain A
struct B

proto::domai n< genB, proto::_, A >

i

Expressions in domains A and B can have different wrappers (hence, different interfaces), but they can be combined into larger ex-
pressions. Without a sub-domain relationship, this would have been an error. The domain of the resulting expression in this case
would be A.

The compl ete description of sub-domains can befoundinthereference sectionsfor pr ot o: : domai n<>andpr ot o: : deduce_donai n.
New Feature: Domain-specific as_expr() and as_child()

Proto has always allowed users to customize expressions post-hoc by specifying a Generator when defining their domain. But it has
never alowed users to control how Proto assembles sub-expressions in the first place. As of Boost 1.44, users now have this power.

Users defining their own domain can now specify how pr ot o: : as_expr () andprot o: : as_chi | d() work intheir domain. They
can do this easily by defining nested class templates named as_expr and/or as_chi | d within their domain class.
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For example:

struct my_donmain
proto:: domai n< my_generator >
{
t ypedef
proto:: domai n< my_generator >
base_donai n;

/1 For ny_domain, as_child does the sane as
/1 what as_expr does by default.

t enpl at e<cl ass T>

struct as_child

base_donmi n: : as_expr <T>

0

In the above example, ny_donwi n: : as_chi | d<> simply defers to pr ot o: : donai n: : as_expr <>. This has the nice effect of
causing al terminals to be captured by value instead of by reference, and to likewise store child expressions by value. The result is
that expressionsin ny_donai n are safe to store in aut o variables because they will not have dangling references to intermediate
temporary expressions. (Naturally, it also meansthat expression construction has extraruntime overhead of copying that the compiler
may or may not be able to optimize away.)

Boost 1.43

In Boost 1.43, the recommended usage of pr ot o: : ext ends<> changed slightly. The new usage looks like this:

/1 my_expr is an expression extension of the Expr paraneter
t enpl at e<t ypenanme Expr>
struct my_expr

. proto::extends<Expr, ny_expr<Expr>, ny_donai n>

{
ny_expr ( Expr const &expr = Expr())
proto: : extends<Expr, ny_expr, ny_domai n>(expr)
{}
/1 NEW use the followi ng macro to bring
/1 proto::extends::operator= into scope.
BOOST_PROTO_EXTENDS_USI NG_ASSI GN( my _expr)
s

The new thing isthe use of the BOOST_PROTO_EXTENDS_USI NG_ASSI G\() macro. To allow assignment operatorsto build expression
trees, pr ot o: : ext ends<> overloadsthe assignment operator. However, for themy_expr template, the compiler generates adefault
copy assignment operator that hides the onesin pr ot o: : ext ends<>. Thisis often not desired (although it depends on the syntax
you want to allow).

Previously, the recommended usage was to do this:

/'l ny_expr is an expression extension of the Expr paraneter
t enpl at e<t ypenane Expr>
struct my_expr

. proto::extends<Expr, mny_expr<Expr>, my_donai n>

{
ny_expr ( Expr const &expr = Expr())
proto::extends<Expr, ny_expr, ny_donmai n>(expr)
{}
// OLD: don't do it like this anynore.
usi ng proto::extends<Expr, my_expr, ny_domain>::operator-=;
s
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While this works in the majority of cases, it till doesn't suppress the implicit generation of the default assignment operator. As a
result, expressions of theforma = b could either build an expression template or do a copy assignment depending on whether the
types of a and b happen to be the same. That can lead to subtle bugs, so the behavior was changed.

The BOOST_PROTO_EXTENDS_USI NG_ASSI G\() brings into scope the assignment operators defined in pr ot o: : ext ends<> as
well as suppresses the generation of the copy assignment operator.

Also note that the proto::literal <> class template, which uses proto::extends<> has been chaged to use
BOOST_PROTO_EXTENDS_USI NG_ASSI G\( ) . Theimplications are highlighted in the sample code below:

proto::literal<int> a(l), b(2); // two non-const proto literals
proto::literal<int> const c¢c(3); // a const proto literal

a =b; // No-op. Builds an expression tree and discards it.
/1 Same behavior in 1.42 and 1.43.

a = c; /] CHANGE!

In 1.42, this perfornmed copy assignment, causing

/1 a's value to change to 3. In 1.43, the behavior is now
/'l the sane as above: build and discard an expression tree.

Appendix B: History

August 13, 2010

August 11, 2008
April 7, 2008
March 1, 2008

January 11, 2008

April 15, 2007

April 4, 2007

December 11, 2006

November 1, 2006

October 28, 2006

April 20, 2005

Boost 1.44: Proto gets sub-domains and per-domain control of proto::as_expr() and
proto::as_child() tomeet the needs of Phoenix3.

Proto v4 is merged to Boost trunk with more powerful transform protocol.
Proto is accepted into Boost.
Proto's Boost review begins.

Boost.Proto v3 brings separation of grammars and transforms and a"round” lambda syntax for defining
transforms in-place.

Boost.Xpressive is ported from Proto compilers to Proto transforms. Support for old Proto compilersis
dropped.

Preliminary submission of Proto to Boost.

The idea for transforms that decorate grammar rules is born in a private email discussion with Joel de
Guzman and Hartmut Kaiser. The first transforms are committed to CVS 5 days later on December 16.

The ideafor pr ot o: : mat ches<> and the whole grammar facility is hatched during a discussion with
Hartmut Kaiser on the spirit-devel list. The first version of pr ot o: : mat ches<> is checked into CVS
3 days later. Message is here.

Proto is reborn, this time with a uniform expression types that are POD. Announcement is here.

Proto isborn asamajor refactorization of Boost. X pressive's meta-programming. Proto offers expression
types, operator overloads and "compilers’, an early formulation of what later became transforms. An-
nouncement is here.

Appendix C: Rationale

Static Initialization

Proto expression types are PODs (Plain Old Data), and do not have constructors. They are brace-initialized, as follows:
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termnal <int>::type const _i = {1};

Thereasonisso that expression objectslike i above canbestatically initialized. Why is static initialization important? Theterminals
of many embedded domain-specific languages are likely to be global const objects, like 1 and _2 from the Boost Lambda Library.
Were these object to require run-time initialization, it might be possible to use these objects before they are initialized. That would
be bad. Statically initialized objects cannot be misused that way.

Why Not Reuse MPL, Fusion, et cetera?

Anyone who has peeked at Proto's source code has probably wondered, "Why all the dirty preprocessor gunk? Couldn't this have
been all implemented cleanly on top of libraries like MPL and Fusion?' The answer isthat Proto could have been implemented this
way, and in fact was at one point. The problem is that template metaprogramming (TMP) makes for longer compile times. As a
foundation upon which other TMP-heavy libraries will be built, Proto itself should be as lightweight as possible. That is achieved
by prefering preprocessor metaprogramming to template metaprogramming. Expanding amacro isfar more efficient than instantiating
atemplate. In some cases, the "clean” version takes 10x longer to compile than the "dirty" version.

The"clean and low" version of Proto can till befound at http://svn.boost.org/svn/boost/branches/proto/v3. Anyonewho isinterested
can download it and verify that it is, in fact, unusably slow to compile. Note that this branch's development was abandoned, and it
does not conform exactly with Proto's current interface.

Appendix D: Implementation Notes

Quick-n-Dirty Type Categorization

Much has already been written about dispatching on type traits using SFINAE (Substitution Failure Is Not An Error) techniquesin
C++. Thereis aBoost library, Boost.Enable _if, to make the technique idiomatic. Proto dispatches on type traits extensively, but it
doesn't useenabl e_i f <> very often. Rather, it dispatches based on the presence or absence of nested types, often typedefsfor void.

Consider the implementation of i s_expr <>. It could have been written as something like this:

t enpl at e<t ypenane T>
struct is_expr
i s_base_and_deri ved<proto::sonme_expr_base, T>

{};
Rather, it isimplemented as this:

tenpl at e<typenane T, typenanme Void = void>
struct is_expr

© npl::fal se_

{};

t enpl at e<t ypenane T>

struct is_expr<T, typenane T::proto_is_expr_>
©onpl::true_

{};

This relies on the fact that the specialization will be preferred if T has anested prot o_i s_expr _ that is atypedef for voi d. All
Proto expression types have such a nested typedef.

Why does Proto do it this way? The reason is because, after running extensive benchmarks while trying to improve compile times,
| have found that this approach compiles faster. It requires exactly one template instantiation. The other approach requires at least
2:is_expr<>andis_base_and_derived<>, pluswhatever templatesi s_base_and_der i ved<> may instantiate.
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Detecting the Arity of Function Objects

In several places, Proto needs to know whether or not afunction object Fun can be called with certain parameters and take afallback
action if not. This happensin prot o: : cal | abl e_cont ext <> and in the pr ot o: : cal | <> transform. How does Proto know? It
involves some tricky metaprogramming. Here's how.

Another way of framing the question is by trying to implement the following can_be_cal | ed<> Boolean metafunction, which
checks to seeif afunction object Fun can be called with parameters of type A and B:

tenpl at e<t ypenane Fun, typenane A typenane B>
struct can_be_call ed;

First, we definethefollowing dont _car e struct, which hasan implicit conversion from anything. And not just any implicit conversion;
it has a ellipsis conversion, which is the worst possible conversion for the purposes of overload resolution:

struct dont_care

{
b

dont _care(...);

We al so need some private type known only to uswith an overloaded comma operator (!), and some functionsthat detect the presence
of thistype and return types with different sizes, asfollows:

struct private_type

{
private_type const &operator, (int) const;
i
typedef char yes_type; /'l sizeof (yes_type) == 1

typedef char (&no_type)[2]; // sizeof(no_type) ==

t enpl at e<t ypenane T>
no_type is_private_type(T const &);

yes_type is_private_type(private_type const &);

Next, we implement a binary function object wrapper with a very strange conversion operator, whose meaning will become clear
later.

t enpl at e<t ypenane Fun>
struct funwap2 : Fun

{
funw ap2();
typedef private_type const & *pointer_to_function)(dont_care, dont_care);
operator pointer_to_function() const;

b

With all of these bits and pieces, we can implement can_be_cal | ed<> asfollows:
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t enpl at e<t ypenane Fun, typenane A typenane B>
struct can_be_call ed

{
static funw ap2<Fun> &f un;
static A &a;
static B &b;
static bool const value = (
si zeof (no_type) == sizeof(is_private_type( (fun(a,b), 0) ))
)
t ypedef npl::bool _<val ue> type;
b

Theideaisto makeit sothat f un(a, b) will alwayscompile by adding our own binary function overload, but doing it in such away
that we can detect whether our overload was selected or not. And werrig it so that our overload is selected if there isreally no better
option. What follows is a description of how can_be_cal | ed<> works.

We wrap Fun in atype that has an implicit conversion to a pointer to abinary function. An object f un of class type can be invoked
asfun(a, b) ifithassuch aconversion operator, but sinceit involves a user-defined conversion operator, it is less preferred than
an overloaded oper at or () , which requires no such conversion.

The function pointer can accept any two arguments by virtue of the dont _car e type. The conversion sequence for each argument
is guaranteed to be the worst possible conversion sequence: an implicit conversion through an ellipsis, and a user-defined conversion
to dont _car e. Intotal, it means that f unwr ap2<Fun>() (a, b) will always compile, but it will select our overload only if there
really is no better option.

If thereis a better option --- for example if Fun has an overloaded function call operator such asvoi d operator()(A a, B b)
---thenfun(a, b) will resolveto that oneinstead. The question now ishow to detect which function got picked by overload resol-
ution.

Noticehow f un(a, b) appearsincan_be_cal | ed<>: (fun(a, b), 0).Why dowe usethecommaoperator there? The reason
is because we are using this expression as the argument to a function. If the return type of f un(a, b) isvoi d, it cannot legally be
used as an argument to a function. The comma operator sidesteps the issue.

This should also make plain the purpose of the overloaded comma operator in pri vat e_t ype. The return type of the pointer to
function is pri vat e_t ype. If overload resolution selects our overload, then the type of (fun(a, b), 0) isprivate_type.
Otherwise, itisi nt . That fact is used to dispatch to either overload of i s_pri vat e_t ype(), which encodesits answer in the size
of itsreturn type.

That's how it works with binary functions. Now repeat the above process for functions up to some predefined function arity, and
you're done.
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