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This is the documentation of the newest version of Spirit (currently, V2.5.2). If you're looking for the documentation of Spirit's
previous version (formerly Spirit V1.8), see Spirit.Classic.
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Preface

“ Examples of designs that meet most of the criteria for "goodness' (easy to understand, flexible, efficient) are a
recursive-descent parser, which is traditional procedural code. Another example is the STL, which is a generic
library of containers and algorithms depending crucially on both traditional procedural code and on parametric
polymorphism?” --Bjarne Stroustrup

History
80s

In the mid-80s, Joel wrote hisfirst calculator in Pascal. Such an unforgettable coding experience, he was amazed at how a mutually
recursive set of functions can model a grammar specification. In time, the skills he acquired from that academic experience became
very practical as he was tasked to do some parsing. For instance, whenever he needed to perform any form of binary or text I/O, he
tried to approach each task somewhat formally by writing a grammar using Pascal-like syntax diagrams and then a corresponding
recursive-descent parser. This process worked very well.

90s

The arrival of the Internet and the World Wide Web magnified the need for parsing a thousand-fold. At one point Joel had to write
an HTML parser for a Web browser project. Using the W3C formal specifications, he easily wrote a recursive-descent HTML
parser. With the influence of the Internet, RFC specifications were abundent. SGML, HTML, XML, email addresses and even those
seemingly trivial URLs were all formally specified using small EBNF-style grammar specifications. Joel had more parsing to do,
and he wished for atool similar to larger parser generators such as YACC and ANTLR, where a parser is built automatically from
a grammar specification.

Thisideal tool would be able to parse anything from email addresses and command lines, to XML and scripting languages. Scalab-
ility was aprimary goal. The tool would be able to do thiswithout incurring a heavy development |oad, which was not possible with
the above mentioned parser generators. The result was Spirit.

Spirit was a personal project that was conceived when Joel was involved in R&D in Japan. Inspired by the GoF's composite and in-
terpreter patterns, he realized that he can model a recursive-descent parser with hierarchical-object composition of primitives (ter-
minals) and composites (productions). The original version was implemented with run-time polymorphic classes. A parser was
generated at run time by feeding in production rule strings such as:

"prod ::={"A | 'B} 'C;"

A compile function compiled the parser, dynamically creating a hierarchy of objects and linking semantic actions on the fly. A very
early text can be found here: pre-Spirit.

2001 to 2006

Version 1.0 to 1.8 was a complete rewrite of the original Spirit parser using expression templates and static polymorphism, inspired
by the works of Todd Vel dhuizen (Expression Templates, C++ Report, June 1995). Initially, the static-Spirit version was meant only
to replace the core of the original dynamic-Spirit. Dynamic-Spirit needed aparser to implement itself anyway. The original employed
a hand-coded recursive-descent parser to parse the input grammar specification strings. It was at this time when Hartmut Kaiser
joined the Spirit development.

After itsinitial "open-source” debut in May 2001, static-Spirit became a success. At around November 2001, the Spirit website had
an activity percentile of 98%, making it the number one parser tool at Source Forge at the time. Not bad for a niche project like a
parser library. The "static" portion of Spirit was forgotten and static-Spirit simply became Spirit. The library soon evolved to acquire
more dynamic features.

Spirit was formally accepted into Boost in October 2002. Boost is a peer-reviewed, open collaborative development effort around a
collection of free Open Source C++ libraries covering awide range of domains. The Boost Libraries have become widely known as
an industry standard for design and implementation quality, robustness, and reusability.
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2007

Over theyears, especially after Spirit was accepted into Boost, Spirit has served its purpose quite admirably. Classic-Spirit (versions
prior to 2.0) focused on transduction parsing, where the input string is merely translated to an output string. Many parsers fall into
the transduction type. When the time came to add attributes to the parser library, it was done in a rather ad-hoc manner, with the
goal being 100% backward compatible with Classic Spirit. As aresult, some parsers have attributes, some don't.

Spirit V2 is another major rewrite. Spirit V2 grammars are fully attributed (see Attribute Grammar) which means that all parser
components have attributes. To do this efficiently and elegantly, we had to use a couple of infrastructure libraries. Some did not exist,
some were quite new when Spirit debuted, and some needed work. Boost.Mpl isan important infrastructure library, yet isnot sufficient
to implement Spirit V2. Another library had to be written: Boost.Fusion. Fusion sits between MPL and STL --between compiletime
and runtime -- mapping types to values. Fusion is a direct descendant of both MPL and Boost.Tuples. Fusion is now a full-fledged
Boost library. Phoenix also had to be beefed up to support Spirit V2. The result is Boost.Phoenix. Last but not least, Spirit V2 uses
an Expression Templates library called Boost.Proto.

Even though it has evolved and matured to become a multi-module library, Spirit is still used for micro-parsing tasks as well as
scripting languages. Like C++, you only pay for features that you need. The power of Spirit comes from its modularity and extens-
ibility. Instead of giving you a sledgehammer, it gives you the right ingredients to easily create a sledgehammer.

New Ideas: Spirit V2

Just before the development of Spirit V2 began, Hartmut came across the StringTemplate library that is a part of the ANTLR parser
framework. 1 The concepts presented in that library lead Hartmut to the next step in the evolution of Spirit. Parsing and generation
aretightly connected to aformal notation, or agrammar. The grammar describes both input and output, and therefore, aparser library
should have a grammar driven output. This duality is expressed in Spirit by the parser library Spirit.Qi and the generator library
Soirit.Karma using the same component infrastructure.

Theideaof creating alexer library well integrated with the Spirit parsersis not new. This has been discussed almost since Classic-
Spirit (pre V2) initialy debuted. Several attempts to integrate existing lexer libraries and frameworks with Spirit have been made
and served as a proof of concept and usability (for example see Wave: The Boost C/C++ Preprocessor Library, and SLex: afully
dynamic C++ lexer implemented with Spirit). Based on these experiences we added Spirit.Lex: afully integrated lexer library to the
mix, allowing the user to take advantage of the power of regular expressions for token matching, removing pressure from the parser
components, simplifying parser grammars. Again, Spirit's modular structure allowed us to reuse the same underlying component
library asfor the parser and generator libraries.

How to use this manual
Each major section (there are 3: Qi, Karma, and Lex) isroughly divided into 3 parts:

1. Tutorias: A step by step guide with heavily annotated code. These are meant to get the user acquainted with the library as quickly
as possible. The objective isto build the confidence of the user in using the library through abundant examples and detailed in-
structions. Examples speak volumes and we have volumes of examples!

2. Abstracts: A high level summary of key topics. The objective isto give the user ahigh level view of thelibrary, the key concepts,
background and theories.

3. Reference: Detailed formal technical reference. We start with aquick reference -- an easy to use table that mapsinto the reference
proper. The reference proper starts with C++ concepts followed by models of the concepts.

Some icons are used to mark certain topics indicative of their relevance. These icons precede some text to indicate:

1 Quote from http://www.stringtemplate.org/: It is a Javatemplate engine (with ports for C# and Python) for generating source code, web pages, emails, or any other
formatted text output.
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Table 1. Icons

Icon Name Meaning

Note Generally useful information (an aside
that doesn't fit in the flow of the text)

Tip Suggestion on how to do something (espe-
cially something that is not obvious)

Important Important note on something to take par-
ticular notice of

what you expect and may cause bad res-
ults

Danger This is likely to cause serious trouble if
ignored

Caution Take special carewith this- it may not be
i|':

This documentation is automatically generated by Boost QuickBook documentation tool. QuickBook can be found in the Boost
Tools.

Support

Please direct all questions to Spirit's mailing list. You can subscribe to the Spirit General List. The mailing list has a searchable
archive. A search link to this archive is provided in Spirit's home page. You may aso read and post messages to the mailing list
through Spirit General NN TP news portal (thanksto Gmane). The news group mirrorsthe mailing list. Hereisalink to the archives:
http://news.gmane.org/gmane.comp.parsers.spirit.general .
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What's New
Spirit V2.5.3

What's changed from V2.5.2 (Boost V1.49.0) to V2.5.3 (Boost V1.50.0)

» The deprecated headers are removed. It's been there for a couple of years now and it's about time to do some cleanup.

SpiritV2.5.2

What's changed from V2.5.1 (Boost V1.48.0) to V2.5.2 (Boost V1.49.0)
* Integrated Vitaly Budovski's patch to add binary floating point parsers and generators.
o Fixed #6253: 1 ex: : | exertl :: generate_stati c_df a compiler errorsif lexer haswchar_t as underlying stream type.

» Added the possihility to match atoken range when parsing with alexer by usingqi : : t oken(mi n, max),orqi: :tokeni d(mn,
max) . Both parsers match any token with atoken id in the range [min, max].

» Fixedaproblemincent er (nun[a] andcenter (num g)[ a] if usedinsideacompound generator (such as sequences, Kleene,
list, or plus.

» Fixed kar ma: : subr ul e from the repository (thanks to Lee Clagett for submitting a patch).
 Fixed Spirit.Karma examples (thanks to Lee Clagett for submitting a patch).
» Fixed #6368: [multi_pass] clear_queueisn't forwarded to the storage policy.

* Fixed aproblem in Spirit.Karma when a variant holding a container was used as a generator inside a sequence.

SpiritV2.5.1

What's changed from V2.5 (Boost V1.47.0) to V2.5.1 (Boost V1.48.0)

e Thespirit::istream.iterator (seenulti_pass) now checks at construction time whether the underlying stream has
reached eof (end of file).

» Soirit.Qi now properly collapses attributes generated from optionals embedded inside another optional parser (i.e. - (' (' >
-int_ >> ")'). That neans that attributes |ike boost:optional<boost::optional<int>> wi Il be col | apsed
t o boost::optional<int>". Thanks to Peter Schueller for reporting that problem.

 Actions attached to binary parsers now properly propagate the parser's attribute. Thanks to Mathias Born for reporting this issue.
Bug Fixes in Lex
 Fixed Boost ticket #5701 lexertl token_value_type returns const unused for nonconst ref.

 Fixed aproblem in the lexer (position_token) causing problems with enabled parser debugging (M SV C2010).
Spirit V2.5

What's changed in Spirit.Qi and Spirit.KarmafromV2.4.2 (BoostV1.46.0) to V2.5 (Boost V1.47.0)

This version of Spirit now supports the new version of Boost.Phoenix (V 3), which has been released as part of Boost VV1.47. Please
note that this support is purely preliminary and should not be considered production quality. The reason why we are releasing this
now isto enable people who want to use the new version of Boost.Phoenix in their code to do so without any conflicts with existing
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code using Spirit. Generally, no Spirit code needs to be changed. To activate the use of Boost.Phoenix V3 for Spirit you need to
define the following preprocessor constant for your builds (before including any of Spirit's include files):

#def i ne BOOST_SPI R T_USE_PHOENI X_V3 1

New Features in Qi or Karma

Added ut r ee, ageneric, hierarchical, and dynamic data structure that can represent abstract syntax trees. It'swell integrated with
Soirit.Qi and Spirit.Karma. It can be passed as an attribute while parsing to almost any grammar. At the sametime, it can be used
as an attribute to generate output from.

Added a new macro BOOST_SPI RI T_TERM NAL_NAME which takes in two parameters (the terminal name and its type). Before,
there was only one parameter (the terminal name) and the type assumed the terminal name with _t ype appended. This produced
invalid C++ identifierswith terminalssuch asi nt _, which resulted in generated atypei nt __t ype with abogus double underscore
that is reserved for system usein C++.

The numeric parsers now allow arbitrary radix from 2..10 and 16

The placeholder _val now can be used in top level semantic actions outside of any right hand side of arule. Hereis an example:

int i =0
BOOST_TEST(test _attr("456", int_[_val = _1], i) & i == 456);

Inthiscase _val refersto the attribute value, which ispassed intothepar se() or phr ase_par se() functions. Similar constructs
are now possible in Spirit.Karma as well:

int i = 123;
BOOST_TEST(test("123", int_[_1 = _val], i));

This change unifies the handling of the _val placeholder allowing to use it everywhere, not only in semantic actions attached to
the right hand sides of arule.

Added support for Spirit.Karma unsigned numeric generators with arbitrary radix valuesin the (inclusive) range from 2 .. 36.

Bug Fixes in Qi or Karma

Soirit.Qi integer literals (likei nt _( 10) ) do not consume input on failure anymore.
Fixed Boost ticket #5246: mmap _file iterator Failsto initialize correctly.
Fixed Boost ticket #5246: mmap _file iterator Failsto initialize correctly.

Fixed a const correctness problemin kar ma: : r eal _pol i ci es<> preventing the use of const floating point types with the gen-
erator. Thanks to Jeroen Habraken (a.k.a. VeXocide) for reporting it and for submitting a patch and a test.

Fixedthe Spirit.Qiattr (attrib) parser,the irit.Qi synmbol s<> parser, and the Spirit.Karma synbol s<> generator to properly
handle container attributes. These were broken in Boost V1.46.1 (thanks to Aaron Graham and Joerg Becker for reporting the
problems).

Fixed thest r eamparser to properly adjust theiterator of the underlying input stream in the case when the stream parser component
was successful. Thanks to Brian O'Kennedy who reported the problem on Stackoverflow.

Fixed failing Karma numerics generators when used with adapted ADTSs (thanks to Colin Rundel for reporting that problem).
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Breaking Changes

» The Spirit.Qi directive r epeat erroneously implemented commit/rollback semantics for its attribute, leaving it untouched if the
directive failed. This behaviour has been removed as it is inconsistent with similar components. Existing code relying on this
functionality will break. Please refer to the Spirit.Qi directive hol d to see how to fix your code.

» Added a preprocessor define BOOST_SPI RI T_NO_PREDEFI NED_TERM NALS to prevent instantiations of predefined terminal
objectswhich dowsdown compiletimealot. When BOOST_SPI Rl T_NO_PREDEFI NED_TERM NAL Sisdefined, the user instantiates
the terminal s that he needs. So, instead of writing usi ng qi : : ui nt _ onewritesinstead: qi : : ui nt _t ype uint _.

New Features in Lex

» Added the possihility to specify atokenid while creating atoken definitionusing| ex: : char _andl ex: : st ri ng. Both primitives
now accept a second parameter which will be interpreted as the requested token id for any token generated from this definition.

» Added a new token type | ex: : | exertl:: position_t oken<>, which is essentialy plup-in compatible with the existing
I ex::lexertl::token<> class. However it additionally stores the pair of iterators pointing to the underlying matched input
sequence as an iterator_range.

Bug Fixes in Lex

 Fixed a problem with associating token definitions with all states (using " *" as the state name) when actions were attached to
them.

Making Stuff Work

» Added the Spirit.Karma customization pointtrai t s: : extract _from cont ai ner, which will beinvoked instead of the older
customization pointtraits: : extract _fromif theattributeisacontainer (trai ts::is_container returnst r ue for the at-
tribute).

» Thetype hol d_any now takes a template argument: basi ¢_hol d_any<Char >, where Char is the character type used for the
streaming operators (operator>>() and operator<<()). The hold_any is ill available as a typedef ba-
si ¢_hol d_any<char > hol d_any;

» Semantic actions now support attribute compatibility. This is a breaking change but #define BOOST_SPIRIT_ACTIONS _AL-
LOW_ATTR_COMPAT must be defined in order for the new behavior to kick in. By default, the old behavior is still in place.

« Alternatives now support attribute compatibility.

» The attribute handling for container attributes of sequences and container components (list, Kleene, Plus, and repeat) has been
completely rewritten. It now supports many more use cases and behaves much more predictable than the older version. Thanks
to Thomas Taylor, Richard Crossey, Semen, Adaberto Castelo, and many others for reporting bugs and helping in making the
new code behave as expected.

SpiritV2.4.2

What's changed in Spirit.Qi and Spirit.Karma from V2.4.1 (Boost V1.45.0) to V2.4.2 (Boost
V1.46.0)

New Features in Qi or Karma
» Added keyword indexes for Spirit.Qi and Spirit.Karma to the docs.

* Introduced anew customization pointt r ai t s: : assi gn_t o_cont ai ner _f r om val ue whichisinvoked for container attributes
whenever an attribute value needs to be added to that container.

* Replaced proto::lit (whichwasusedtoimplementspirit::lit) with aseparate version alowing to distinguish 'lit(foo)'
from 'foo’. This should not change any semantics nor should it break exiting code.
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Added the Soirit.Qi directiveas<T>[] (anditsstring specializationsas_string[] andas_wstri ng[]) enabling asignment of
container attribute types as awhole.

Added the Spirit.Karma directiveas<T>[ ] (anditsstring specializationsas_string[] andas_wstri ng[]) enabling handling
of container attribute types during output generation as awhole.

In Spirit.Qi, i t () can now be used for numeric literals as well.

The synbol s<> parser component now has an explicit name used for error handling and debugging, which can be set using the
new member functionssym nane(. . . ). Thanksto tegjay for contributing a patch.

The synmbol s<Attrib, T> generator component now has an explicit name used for error handling and debugging, which can
be set using the new member functionssym nane(. . .).

Bug Fixes in Qi or Karma

Fixed a problem in handling container attributes for Spirit.Qi sequences, which caused the properly parsed attributes of the first
elements being overwritten by later elements of the sequence.

Fixed the Spirit.Karma generator st ri ng(s) . It succeeded even if s matched only a prefix of its attribute.

What's changed in Spirit.Lex from V2.4.1 (Boost V1.45.0) to V2.4.2 (Boost V1.46.0)

New Features in Lex

Added qi : : t okeni d() primitive parser allowing to match arbitrary lexer tokens based on a given token id. The difference to
gi :: token() is, that it exposes as its attribute the token id of the matched token (instead of the iterator_range of the matched
input, asqi : : t oken() does).

Added an additional template parameter to the default | exert | : : t oken<> definition: the type of the token id. Thistype defaults
tostd: : size_t.Any typeused astheid type needs to be (explicitly) convertible from st d: : si ze_t .

It's now possible to attach lexer semantic actions to token definitionsbased on | ex: : char () and | ex: : string().

It's now possible to specify a lexer state the lexer should automatically be switched to after matching certain tokens. For this
reason the token definition syntax has been extended:

tenpl ate <typenane Lexer>

struct lexer : |ex::|exer<Lexer>
{
| exer ()
{
int_ ="[1-9][0-9]*";
this->sel f("INTIAL", "TARGETSTATE") = int_;

| ex::token_def<int> int_;

b

This example lexer will match ai nt _ token and will switch the lexer to the state” TARGETSTATE" afterwards. If the second ar-
gument is not specified the lexer remains in the previous state (as before).

The parser primitives gi : : t oken and gi : : t okeni d can now be used without any argument. In this case they will match any
token.

lex::lit() hasbeenremoved.

Bug Fixes in Lex

Fixed anissueinthe Lexer giving problemswhile assigning tokensto all lexer states at once. Thisis now possible by simply using
"*" asthe state name. For instance thiswill add the tokenint_to al lexer states:
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tenpl ate <typenane Lexer>

struct lexer : lex::|exer<Lexer>
{
| exer ()
{
int_ ="[1-9][0-9]*";
this->self("*") =int_;

}

| ex::token_def<int> int_;
}
Note: thesel f ("*") = ... must be executed after all lexer states have been introduced to the lexer object.

Fixed lexer lookahead. The lookahead operation isnow evaluated using the lexer statethet oken_def instance used asitsargument
is associated with.

Fixed aprobleminthenul ti _pass iterator causing wrong tokens to be returned to the user. This could happen in conjunction
with alexer which performed lexer state changes and was using pass_f ai | in semantic actions to make a token match fail.

Known Problems

Soirit.Qi integer literals (likei nt _( 10) ) consume input on failure, which can lead to problems with the alternative operator.

SpiritvV2.4.1

What's changed in Spirit.Qi and Spirit.Karmafrom V2.4 (BoostV1.44.0) toV2.4.1 (BoostV1.45.0)

Bug Fixes

Fixed broken Spirit.Qi debugging facilities for optional attributes.

The Soirit.Qi auto parsers and Spirit.Karma auto generators will now properly work with si gned char and unsi gned char
aswell.

Fixed aproblem in the multi_pass fixed queue policy.
Enabled proper modifier handling for the ski p directive.
Fixed afloating point formating problem in Karma (Trac ticket #4742).

Fixed aprobleminrepeat [], which caused thefi r st iterator not to be reset on certain parsing failures (see Stack Overflow).

SpiritVvV2.4

What's changed in Spirit.Qi and Spirit.Karma from V2.3 (BoostV1.43.0) to V2.4 (Boost V1.44.0)

New Features

The customization point trai ts::transform attri bute now takes an additional template parameter Donai n alowing to
better specialize the customization point for either qgi : : domai n or kar ma: : donai n.

2 I mportant
Thisisainterface breaking change requiring to modify existing code. If you have a specialization of this customiz-
ation point in your code you need to add the specialization for the new template parameter, i.e. either gi : : donmai n
or kar ma: : donmi n.
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e Semantic actionsin Spirit.Qi now implicitly invokethe function pr e of thecustomizationpointtrai ts::transformattri bute
to convert the supplied attribute to the exposed attribute type, asneeded. Thefunctionspost andf ai | of this customization point
are not invoked by this component (as this would not make any sense).

» Semantic actionsin Spirit.Karma now implicitly invoke the function pr e of the customization pointtraits::transform at -
t ri but e to convert the supplied attribute to the consumed attribute type, as needed.

» Added the Spirit.Karma ski p directive which is semantically equivalent to the Spirit.Karma oni t directive except that it will
not execute the embedded generator.

» Added debug support to Spirit.Karma rules.

» Added strict mode to Spirit.Karma, leaving the current behavior (unchanged) as relaxed mode. Added Spirit.Karma compile time
directivesstrict[] andrel axed[] allowing to switch between the two.

» Added Spirit.Karmadupl i cat e directive which duplicatesthe supplied attributeto al elements of an embedded generator sequence.
Bug Fixes

» Componentsin Spirit.Qi and Spirit.Karma now accept one element Fusion sequences as their attributes as long as the element in
the Fusion sequence is compatible with the component's attribute type.

» Thecharacter range parser and generator components can now additionally bewrittenaschar _("a", "z") ingeadof char _(' a',
' z') making it consistent with the syntax of thechar _(' a' ) component (which can bewrittenaschar _("a") aswell). Please
note that the mixed syntax forms, i.e.char _('a', "z") andchar_("a", 'z'), arenot supported.

* Fixed attribute handling in Spirit.Karma sequences when all elements of that sequence consume either the same attribute type or
containers of that attribute type and the passed in attribute is a container of that attribute type aswell. In this case using arepetitive
container was supported only when it was the last element of the sequence. Now it ispossibleto havear epeat (num [ a] gener-
ator at any position (well, actually you can have any repetitive container at any position now, but this doesn't always make sense
asit normally would eat up all supplied attribute values).

» Fixed debug output for variants where a variant element isan STL sequence.

* Fixed aproblem in multi_pass, avoiding to loose a character at end of input when switching iterators.
What's changed in Spirit.Lex from V2.3 (Boost V1.43.0) to V2.4 (Boost V1.44.0)
New Lexer Features

» Thelexer is now well integrated with the debug output generated by Qi's simple_trace utility. Tokens are printed as: '<' matched
sequence >,

Lexer Bug Fixes

 Fixed aproblem with using lex::_val asarvalue in lexer semantic expressions.

» Token values are now available for introspection (as an iterator_range) inside lexer semantic expressions as well.

Spirit V2.3

What's changed in Spirit.Qi and Spirit.Karma from V2.2 (BoostV1.42.0) to V2.3 (BoostV1.43.0)
New Features

» Thecustomizationpointt r ansf orm att ri but e now hastoimplement athird function: voi d f ai | (Exposed&) , which normally

will do nothing. This function will be called whenever the right hand side of ther ul e (or the embedded parser of at t r _cast)
fail parsing. This change affects Qi only. See the description of thetrai ts: : transform attri but e for more details.

12

httpo://www.renderx.com/


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

render

Spirit 2.5.2

Added support for attribute sequences created with BOOST_FUSI ON_ADAPT_CLASS and BOOST_FUSI ON_ADAPT_CLASS NANED.
Thissupport requirestoincludethe new header file: #i ncl ude <boost/spirit/inl cude/ support_adapt _class_attrib-
ut es. hpp>.

Added karma::ostreamiterator as a counterpart to qi::istreamiterator (see new header file #i ncl ude
<boost/spirit/hone/ support/iterators/ostream.iterator.hpp>).

Added qi : : hol d allowing to make sure the embedded parser does not touch the passed attribute in case it fails parsing.
Added qgi : : no_ski p directive, which isequivalent to qgi : : | exene, except that it does not pre-skip.

Added kar na: : no_del i mi t directive, whichisequivalent to kar ma: : ver bat i m except that it does not perform a post-delim-
iting step.

Added anew input_iterator policy for themul ti _pass iterator framework (named buf f eri ng_i nput _i t er at or ) allowing to
wrap underlying input iterators which do not store the last character read from the input (such asstd: : i stream.iterator).
Thisis now used as the default input policy.

Bug Fixes

Sequences (in Qi and Karma) may now have a component having no attribute even as their last element.
Sequences (in Qi and Karma) can now take one element attribute sequences as their attribute.

Constructs like kar ma: : buf f er [ karma: : buffer[...]] don't result in performing double buffering anymore. The same is
trueif an alternative iswrapped into akar ma: : buf f er [ ] directive (asfor instance: buffer[a] | b).

The Spirit.Karma output iterator (which is used internally, but also is exposed when using the stream based API) is nhow properly
copyable (thanks to Jonas Persson for reporting this issue).

Thedefault mul ti _pass iterator is now usable with underlying input iterators which do not store the last character read from the
input (suchasst d: : i stream it erat or). Thanksto Larry Evansand Peter Schueller for independently reporting this problem.

Thedirective kar ma: : oni t [ ] now does not accept an arbitrary attribute type anymore.

The Spirit.Karma predicates (the and-predicate and the not-predicate) and the directive kar ma: : omi t [ ] now disable output alto-
gether instead of intercepting the output into a buffer which got discarded as before.

Fixed kar ma: : r ul e to properly handles optional attributes.

What's changed in Spirit.Lex from V2.2 (Boost V1.42.0) to V2.3 (Boost V1.43.0)

New Lexer Features

The library does not minimize the generated lexer tables for dynamic lexers by default anymore. The generated tables will now
be minimized for static lexers only.

Thefunction| exer <>: : i nit _df a() now takesasingle boolean parameter (which defaultstof al se) allowing to force minim-
ization of the generated lexer tables.

Spirit V2.2

What's changed in Spirit.Qi and Spirit.Karma from V2.1 (BoostV1.41.0) to V2.2 (BoostV1.42.0)

New Features

Added aut o_ component in Spirit.Qi and Spirit.Karma, added API functionsqi : : cr eat e_par ser andkar ma: : creat e_gen-
erator.

Added aut o_ based overloads for all API functions taking no attributes (see Qi APl and Karma API).
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» Added kar ma: : col unms directive.
» Added kar ma: : synbol s<Attr, T> generator.

» The Spirit.Qi customization point t rai t s: : push_back_cont ai ner now returns abool to report whether the item has been
added to the container.

e Added an overload for kar ma: : maxwi dt h directive allowing to specify an additional parameter (any compatible output iterator)
receiving the ‘overspilled' output (output not fitting into the maxwidth limit).

* Itisnow possibleto use Phoenix expressions as Spirit.Karma attributes.

* Added basic_istream.iterator<Char, Traits> usable as an equivalent for std::istream.iterator exceptitsa
Forwar dl t er at or alowing to parse directly from any st d: : basi c_i stream

e Added qgi : : mat ches directive.
Bug Fixes

* Fixed karma::aternatives to work with embedded containers of hold_any (i.e. constructslike*stream | "enpty" (which fixes
the Karma example basic_facilities.cpp).

* Fixed numeric Spirit.Karma generators for character types.

» Fixedqi::repeat[] for unused attributes.

* Fixed rare compilation problem in kar ma: : repeat [ ] .

* Fixed sequences in Spirit.Qi and Spirit.Karma to compile properly if the attribute is a (STL) container of (STL) containers.
» Fixed aproblemin| ex: : t oken_def: : what .

* Fixed Spirit.Qi symbols not to match substrings anymore. Added qi : : synmbol s: : prefi x_fi nd to alow matching of (prefix-)
substrings.

* Inherited parameters for rule's usually have to be wrapped in function objects (i.e. phoeni x: : val ), for integral values this was
not necessary. Now all string types can be passed without being wrapped aswell (i.e. st d: : stri ng, char const*, €tc.).

» Added concept checksto all relevant Spirit.Qi API functionsenforcing theiterator to be at least of thetypest d: : forward_i t er -
ator_tag.

» Fixedtheqi : : mat chandqi : : phr ase_mat ch set of API functionsnot to internally utilizeast d: : st ream i t er at or anymore
asthisiterator isof thetypest d: : i nput _i t er at or _t ag only, which is not sufficient for Spirit.Qi.

Spirit V2.1

What's changed in Spirit.Qi and Spirit.Karma from V2.0 (BoostV1.37.0) to V2.1 (BoostV1.41.0)
* Spirit is now based on the newest version of Boost.Proto

* i ::phrase_parse,qi::phrase_format now post-skip by default.

e karma::generate_delinitedandkarma::format_delinitednow don'tdo pre- delimiting by default.

e Changed parameter sequence of qi::phrase_parse, qi::phrase_match, karma::generate_delinited, and
mat ch_del i mi t ed. The attribute is now always the last parameter.

» Added new overloads of those functions allowing to explicitly specify the post-skipping and pre-delimiting behavior.

* Added multi attribute API functions
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Removed gr ammar _def <>

Removed functionsmake_par ser () and make_gener at or ()

Removed gi : : none and kar ma: : none

Sequences and lists now accept a standard container as their attribute

The string placeholder terminal now can take other strings asits parameter (i.e. std::string)

All terminals taking literals now accept a (lazy) function object as well

All placeholdersfor terminals and directives (such asi nt _, doubl e_, ver bat i m etc.) were previously defined in the namespace
boost : : spirit only. Now theseare additionally imported into thenamespacesspi rit:: qi ,spirit::karma,andspirit::|ex
(if they are supported by the corresponding sub-library).

The terminal placeholders char _ and st ri ng are not defined in the namespace boost : : spi ri t anymore as they have been
moved to the character set namespaces, allowing to do proper character set handling based on the used namespace (asspi rit: : as-
cii,etc)

Theui nt, ushort, ul ong, and byt e terminal placeholders have been renamed to ui nt _, ushort _, ul ong_, and byt e_.
qgi : : ski p[] now re-enables outer skipper if used inside! exene[ ]

Added kar ma: : maxwi dt h[] directive (see maxwi dt h)

Added kar ma: : oni t [] allowing to consume the attribute of subject generator without emitting any output (see onmi t ).

Added kar ma: : buf fer[] alowing to avoid unwanted output to be generated in case of a generator failing in the middle of a
sequence (seebuf f er).

karma: : del i mi t[] now re-enables outer delimiter if used insidever bati nf ]
Karma: added and-predicate (oper at or &() ) and not-predicate (oper at or ! () ) Both now always consume an attribute.

Karma: changed semantics of char (), string(),int_() eta., and doubl e () et.al.: al of these generators now always
expose an attribute. If they do not have an associated attribute, they generate their immediate literal. If they have an associated
attribute, the generators first test if the attribute value is equal to the immediate literal. They fail and do not generate anything if
those are not equal. Otherwise they generate their immediate literal. For more information see for instancei nt _.

karma: : it () cannow be used to generate integer and floating point numbers

gi : : rul e andkar ma: : rul e now can bedirectly initialized using their copy constructor. |.e. thisworksnow: gi : : rul e<. .. >
r = ...sone parser...;.

Added gi : : attr () exposingitsimmediate parameter asits attribute.

Added boolean parsers and generators (bool _,true_, fal se_).

Added at t r _cast <> enabling in place attribute type conversion in Qi and Karma grammars.

Almost all Karma generators now accept opt i onal <> attributes and will fail generating if thisis not initialized.

Qi and Karma rules now automatically detect whether to apply auto-rule semantics or not (no need for using oper at or %=()
anymore, even if it's still existing). Auto-rule semantics are applied if the right hand side has no semantic actions attached to any
of the elements. Thisworks for ruleinitialization and assignment.

Qi and Karmarules now do intrinsic attribute transformation based on the attribute customization pointt r ai t s: : t r ansf or m at -
tribute.

All char_ parsers now always expose an attribute. Earlier char (. ..) didn't expose an attribute while char _ did. If you need a
literal parser not exposing any attributeusel it (...) instead.
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The qi::int_spec, qgi::rea_spec, karma::int_spec, and karmareal_spec types do not exist anymore. These have been replaced with
gi::int_parser, gi::;rea_parser, karma::int_generator, and karma::real_generator.

What's changed in Spirit.Lex from V2.0 (Boost V1.37.0) to V2.1 (Boost V1.41.0)

Hereisalist of changesin Spirit.Lex since version 2.0. Spirit.Lex 2.1 is a complete rewrite of the Spirit.Lex distributed with Boost
V1.37. Aswith all code portions of the Spirit library, Spirit.Lex is usable as stand alone piece. Spirit.Lex now uses the infrastructure
provided by Spirit version 2.1.

Thelex::lexer_def class has been renamed to lex::lexer, while the original class|ex::lexer does not exist anymore. This simplifies
the creation of lexers.

The lex::lexer class does not have the function def ( Sel f & sel f) anymore, token definitions can be added to the lexer at any
time, usually in the constructor of the user defined lexer class:

tenpl ate <typenane Lexer>

struct exanpl e_tokens : |ex::|exer<Lexer>
{
exanpl e_t okens()
{
/'l your token definitions here
this->self = ...
}

The new lexer class can now be used directly. The function make_| exer () has been removed.

Thel ex: : t okeni ze_and_parse() and| ex: : t okeni ze_and_phr ase_par se() functions have been changed to match the
parameter sequence asimplemented by theqi : : parse() andqi : : phrase_par se() functions. Both take an arbitrary number
of attribute arguments as the last parameters. This argument list is limited by the macro SPI RI T_ARGUVENTS LI M T.

Thelex::lexertl |exer,and!ex::|exertl_token classes have been moved tothel ex: : | exert| namespace and the
names have been changed to | ex: : I exertl::lexer,l ex::lexertl::token. Thisasoappliestothel ex: : I exert_act -
or _lexer,andthestatic_l exertl _* family of types.

Theclass! ex: : | exert| _t oken_set hasbeen removed. This functionality is now available from the lexer class.

The Spirit.Lex library has been updated to use the newest version of Ben Hansons Lexertl lexer construction library (Boost review
pending).

Thel ex: : | exer <Lexer > template constructor now takes an optional parameter specifying the mat ch_f | ags to be used for
table generation. Currently, there are the following flags available;

mat ch_fl ags: : match_defaul t, /1 no flags
mat ch_fl ags: : match_not _dot_new ine, // the regex '.' doesn't match new ines
mat ch_fl ags: : match_i case /1 all matching operations are case insensitive

If no parameter is passed to the constructor, mat ch_f | ags: : mat ch_def aul t isused, i.e. the. matches newlines and matching
IS case sengitive.

Thechar _() andstring() placeholders can now be used for token definitions and are synonymous with t oken_def .
Lexer semantic actions now have to conform to a changed interface (see Lexer Semantic Actions for details).

Added placeholder symbols usable from the inside of lexer semantic actions while using Phoenix: | ex: : _start, | ex:: _end,
l ex::_eoi,lex::_state,lex::_val,andl ex::_pass (see Lexer Semantic Actions for more details).

Added (lazy) support functions usable from theinside of |exer semantic actionswhile using Phoenix: | ex: : nore(),l ex: : 1 ess(),
and | ex: : | ookahead() (seeLexer Semantic Actions for more details).
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* Removed! ex: :onittedinfavorof | ex:: onit tounify the overall interface.

Spirit Classic

The Spirit V1.8.x code base has been integrated with Spirit V2. It is now called Spirit.Classic. Since the directory structure has
changed (the Spirit Classic headers are now moved to the $BOOST_ROOT/boost/spirit/home/classic directory), we created forwarding
headers allowing existing applications to compile without any change. However, these forwarding headers are deprecated, which
will result in corresponding warnings generated for each of the headers starting with Boost VV1.38. The forwarding headers are ex-
pected to be removed in the future.

Therecommended way of using Spirit Classic now isto include header filesfrom the directory $BOOST_ROOT/boost/spirit/include.
All Spirit Classic headersin this directory have ‘classic_' prefixed to their name. For example the include

#i ncl ude <boost/spirit/core/core. hpp>
now should be written as:
#i ncl ude <boost/spirit/include/classic_core. hpp>

To avoid namespace conflictswith the new Spirit V2 library we moved Spirit Classicinto the namespaceboost : : spirit: : cl assic.
All referencesto the former namespaceboost : : spi ri t needto be adjusted as soon as the header names are corrected as described
above. As an alternative you can define the preprocessor constant BOOST_SPI RI T_USE_OLD NAMESPACE, which will force the
Spirit Classic code to be in the namespace boost : : spi rit asbefore. Thisisnot recommended, though, asit may result in naming
clashes.

The change of the namespace will be automatically deactivated whenever the deprecated include files are being used. This ensures
full backwards compatihility for existing applications.
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Introduction

Boost Spirit is an object-oriented, recursive-descent parser and output generation library for C++. It allows you to write grammars
and format descriptions using a format similar to Extended Backus Naur Form (EBNF)2 directly in C++. These inline grammar
specifications can mix freely with other C++ code and, thanksto the generative power of C++ templates, areimmediately executable.
In retrospect, conventional compiler-compilers or parser-generators have to perform an additional translation step from the source
EBNF code to C or C++ code.

The syntax and semantics of the libraries' API directly form domain-specific embedded languages (DSEL). In fact, Spirit exposes
3 different DSEL s to the user:

 onefor creating parser grammars,
» one for the specification of the required tokens to be used for parsing,
« and one for the description of the required output formats.

Sincethetarget input grammars and output formats are written entirely in C++ we do not need any separate toolsto compile, preprocess
or integrate those into the build process. Spirit allows seamless integration of the parsing and output generation process with other
C++ code. This often allows for simpler and more efficient code.

Both the created parsers and generators are fully attributed, which allows you to easily build and handle hierarchical data structures
in memory. These data structures resemble the structure of the input data and can directly be used to generate arbitrarily-formatted
output.

The figure below depicts the overall structure of the Boost Spirit library. The library consists of 4 major parts:

» Spirit.Classic: Thisis the almost-unchanged code base taken from the former Boost Spirit V1.8 distribution. It has been moved
into the namespace boost::spirit::classic. A special compatibility layer has been added to ensure complete compatibility with ex-
isting code using Spirit V1.8.

» Spirit.Qi: Thisisthe parser library allowing you to build recursive descent parsers. The exposed domain-specific language can
be used to describe the grammars to implement, and the rules for storing the parsed information.

» Spirit.Lex: Thisisthelibrary usable to create tokenizers (lexers). The domain-specific language exposed by Spirit.Lex allowsyou
to define regular expressions used to match tokens (create token definitions), associate these regular expressions with code to be
executed whenever they are matched, and to add the token definitions to the lexical analyzer.

» Spirit.Karma: Thisisthe generator library allowing you to create code for recursive descent, data type-driven output formatting.
The exposed domain-specific language is almost equivalent to the parser description language used in Spirit.Qi, except that it is
used to describe the required output format to generate from a given data structure.

2 |SO-EBNF
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Figure 1. The overall structure of the Boost Spirit library

Classic

The three components, Spirit.Qi, Spirit.Karma and Spirit.Lex, are designed to be used either stand alone, or together. The general
methodology is to use the token sequence generated by Spirit.Lex as the input for a parser generated by Spirit.Qi. On the opposite
side of the equation, the hierarchical data structures generated by Spirit.Qi are used for the output generators created using Spirit.Karma.
However, there is nothing to stop you from using any of these components all by themselves.

The figure below shows the typical data flow of some input being converted to some internal representation. After some (optional)

transformation these data are converted back into some different, external representation. The picture highlights Spirit's placein this
data transformation flow.

Figure 2. The place of Spirit.Qi and Spirit.Karma in a data transfor mation flow of a typical application
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A Quick Overview of Parsing with Spirit.Qi

Soirit.Qi is Spirit's sublibrary dealing with generating parsers based on a given target grammar (essentially a format description of
the input data to read).

A simple EBNF grammar snippet:

"(' expression ')’

i nteger | group

factor (('*" factor) | ('/" factor))*
term(('+ term | ('-' term)*

group
factor
term
expressi on

is approximated using facilities of Spirit's Qi sublibrary as seen in this code snippet:

group = '('" >> expression >> ")
factor = integer | group
term = factor >> *(('*" >> factor) | ('/' >> factor))

expr essi on term>> *(('+ >>term | ('-' >>term);

Through the magic of expression templates, this is perfectly valid and executable C++ code. The production rule expr essi on is,
in fact, an object that has amember function par se that does the work given a source code written in the grammar that we have just
declared. Yes, it's a calculator. We shall simplify for now by skipping the type declarations and the definition of the rulei nt eger

invoked by f act or . Now, the production rule expr essi on in our grammar specification, traditionally called the st art symbol,
can recognize inputs such as:

12345

-12345

+12345

1+2

1*2

1/2 + 3/4
1+2+3+4
1*2*3*4

(1 +2) " (3+4)

(-1 +2) * (3+-4)
1+ ((6 * 200) - 20) / 6
(1 +(2+(3+(4+05))))

Certainly we have modified the origind EBNF syntax. This is done to conform to C++ syntax rules. Most notably we see the
abundance of shift >> operators. Since there are no 'empty’ operatorsin C++, it is simply not possible to write something like:

ab

as seen in math syntax, for example, to mean multiplication or, in our case, as seen in EBNF syntax to mean sequencing (b should
follow a). Spirit.Qi uses the shift >> operator instead for this purpose. We take the >> operator, with arrows pointing to the right, to
mean "is followed by". Thus we write:

a>>bhb

The alternative operator | and the parentheses () remain asis. The assignment operator = is used in place of EBNF's: : =. Last but
not least, the Kleene star *, which in this case is a postfix operator in EBNF becomes a prefix. Instead of:

a* //... in EBNF syntax,

we write:
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*a ll... in Spirit.

since there are no postfix stars, *, in C/C++. Finally, we terminate each rule with the ubiquitous semi-colon, ; .

A Quick Overview of Output Generation with Spirit.Karma

Spirit not only allows you to describe the structure of the input, it also enables the specification of the output format for your data
in asimilar way, and based on a single syntax and compatible semantics.

L et's assume we need to generate a textual representation from asimple data structure such asast d: : vect or <i nt >. Conventional
code probably would look like:

std::vector<int> v (initialize_ and fill());

std::vector<int>::iterator end = v.end();

for (std::vector<int> :iterator it = v.begin(); it != end; ++t)
std::cout << *it << std::endl;

which is not very flexible and quite difficult to maintain when it comes to changing the required output format. Spirit's sublibrary
Karma allows you to specify output formats for arbitrary data structuresin avery flexible way. The following snippet is the Karma
format description used to create the same output as the traditional code above:

*(int_ << eol)
Here are some more examples of format descriptions for different output representations of the same st d: : vect or <i nt >:

Table 2. Different output formatsfor “std::vector<int>

Format Example Description

"[Yo<< *(int_ << ') << '] [1,8,10,] Comma separated list of integers

(N << int_ << ') << ') (1),(8), (10), Commaseparated list of integersin paren-
thesis

*hex 18a A list of hexadecimal numbers

*(double_ << ',") 1.0,8.0,10.0, A list of floating point numbers

We will seelater in this documentation how it is possible to avoid printing thetrailing ' , ' .

Overdll, the syntax is similar to Spirit.Qi with the exception that we use the << operator for output concatenation. This should be
easy to understand as it follows the conventions used in the Standard's 1/0 streams.

Another important feature of Spirit.Karma allows you to fully decouple the data type from the output format. You can use the same
output format with different data types as long as these conform conceptually. The next table gives some related examples.

21
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Table 3. Different data types usable with the output format *(int_ << eol)’

Datatype Description
int i[4] C style arrays
std::vector<int> Standard vector
std::list<int> Standard list
boost: : array<l ong, 20> Boost array

22
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Structure

Include

Spirit is aheader file only library. There are no libraries to link to. This section documents the structure of the Spirit headers.
Spirit contains five sub-libraries plus a'support’ modul e where common support classes are placed:

* Classic

. Qi

* Karma

* Lex

* Phoenix

e Support

The top Spirit directory is:
BOOST_ROOT/ boost / spirit

Currently, the directory contains:

[actor] [attribute] [core] [ debug]

[ dynami c] [error_handling] [ hore] [include]
[iterator] [neta] [ phoeni x] [repository]
[ synbol s] [tree] [utility]

These include some old v1.8 directories that are now deprecated. These are: actor, attribute, core, debug, dynamic, error_handling,
iterator, meta, phoenix, symbols, tree and utility. There is no guarantee that these directories will till be present in future versions
of Spirit. We only keep them for backward compatibility. Please be warned.

Each directory (except include, home, and repository) has a corresponding header file that contains forwarding includes of each
relevant include file that the directory contains. For example, there exists a <boost/spirit/actor.hpp> header file which includes all
the relevant files from the boost/spirit/actor directory.

To distinguish between Spirit versions, you can inspect the version file:
<boost/spirit/version. hpp>

using the preprocessor define
SPI RI T_VERSI ON

It is ahex number where the first two digits determine the major version while the last two digits determine the minor version. For
example:

#define SPIRI T_VERSI ON 0x2010 // version 2.1
Theinclude directory at:

BOOST_ROOT/ boost / spirit/incl ude

23
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is a specia flat directory that contains al the Spirit headers. To accommodate the flat structure, the headers are prefixed with the
sub-library name:

* classic_

» karma_

e lex_

* phoenix1_
* phoenix_
©ai_

* support_

For example, if you used to include <boost/spirit/actor.hpp>, which is now a deprecated header, you should instead include
<boost/spirit/include/classic_actor.hpp>

If you want to simply include the main sub-library name, then you can include:
* <boost/spirit/include/classic.hpp>

* <boost/spirit/include/karma.hpp>

* <boost/spirit/include/lex.hpp>

* <boost/spirit/include/phoenix1.hpp>

* <boost/spirit/include/phoenix.hpp>

* <boost/spirit/include/qi.hpp>

* <boost/spirit/include/support.hpp>

The home directory:
BOOST_ROOT/ boost / spirit/ hone
isthe real home of Spirit. It isthe place where the various sub-libraries actually exist. The home directory contains:

[cl assic] [ kar ma] [1ex]
[ phoeni x] [qi] [ support]

Asusual, these directories have their corresponding include files:
* <boost/spirit/home/classic.hpp>

* <boost/spirit/home/karma.hpp>

* <boost/spirit/home/lex.hpp>

* <boost/spirit/home/phoenix.hpp>

* <boost/spirit/home/qi.hpp>

* <boost/spirit/home/support.hpp>

The various sub-librariesinclude files can be found in each sub-directory containing the particular sub-library. Theinclude structure
of asub-library is covered in its documentation. For consistency, each library follows the same scheme as above.
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To keep it simple, you should use the flat include directory at boost/spirit/include.
For some additional information about the rationale you might want to have alook at the FAQ entry Header Hell.

The subdirectory boost / spi ri t/reposit ory doesnot belong to the main Spirit distribution. For more information please refer
to: Spirit Repository.

25
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Abstracts

Syntax Diagram

In the next section, we will deal with Parsing Expression Grammars (PEG) 3 avariant of Extended Backus-Naur Form (EBNF) 4
with adifferent interpretation. It is easier to understand PEG using Syntax Diagrams. Syntax diagrams represent a grammar graph-
ically. It was used extensively by Niklaus Wirth ®in the "Pascal User Manual". Syntax Diagrams are easily understandable by pro-
grammers due to their similarity to flow charts. The isomorphism of the diagrams and functions make them ideal for representing
Recursive Descent parsers which are essentially mutually recursive functions.

Historically, Parsing Expression Grammars have been used for describing grammars for parsers only (hence the name). In Spirit we
use avery similar notation for output generation aswell. AlImost all the concepts described here are equally applicable both to Spirit.Qi
parsers and to Spirit.Karma generators.

Elements

All diagrams have one entry and one exit point. Arrows connect al possible paths through the grammar from the entry point to the
exit point.

Q
Start/Stop

Terminals are represented by round boxes. Terminals are atomic and usually represent plain characters, strings or tokens.

O

Terminal

Non-terminals are represented by boxes. Diagrams are modularized using named non-terminals. A complex diagram can be broken
down into a set of non-terminals. Non-terminals also allow recursion (i.e. anon-terminal can call itself).

name

Non Terminal

Constructs

The most basic composition is the Sequence. B followsA:

>— A > B |

Sequence

The ordered choice henceforth we will call alternatives. In PEG, ordered choice and alternatives are not quite the same. PEG allows
ambiguity of choice where one or more branches can succeed. In PEG, in case of ambiguity, the first one alwayswins.

8 Bryan Ford: Parsing Expression Grammars. A Recognition-Based Syntactic Foundation, http://pdos.csail.mit.edu/~baf ord/packrat/popl 04/
4 Richard E. Pattis: EBNF: A Notation to Describe Syntax, http://www.cs.cmu.edu/~pattis/misc/ebnf.pdf
5 Niklaus Wirth: The Programming Language Pascal. (July 1973)
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O » A o
» B

Ordered Choice

The optional (zero-or-one):

O——FA—T—PQ

Optional

Now, the loops. We have the zero-or-more and one-or-more:

Oo—%> A 2

Zero or More

Q—T—>A ®]

One or More

Take note that, as in PEG, these loops behave greedily. If there is another 'A’" just before the end-point, it will always fail because
the preceding loop has already exhausted all 'A's and thereis nothing moreleft. Thisisacrucial difference between PEG and general
Context Free Grammars (CFGs). This behavior is quite obvious with syntax diagrams as they resemble flow-charts.

Predicates

Now, the following are Syntax Diagram versions of PEG predicates. These are not traditionally found in Syntax Diagrams. These
are special extensions we invented to closely follow PEGs.

First, we introduce a new element, the Predicate:

Predicate
Thisissimilar to the conditionals in flow charts where the 'No' branch is absent and always signals a failed parse.

We have two versions of the predicate, the And-Predicate and the Not-Predicate:
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And Predicate

Not Predicate

The And-Predicate tries the predicate, P, and succeeds if P succeeds, or otherwise fail. The opposite is true with the Not-Predicate.
It triesthe predicate, P, and fails if P succeeds, or otherwise succeeds. Both versions do alook-ahead but do not consume any input
regardlessif P succeeds or not.

Parsing Expression Grammar

Parsing Expression Grammars (PEG) 6 are a derivative of Extended Backus-Naur Form (EBNF) 7 with a different interpretation,
designed to represent arecursive descent parser. A PEG can be directly represented as a recursive-descent parser.

Like EBNF, PEG is aformal grammar for describing a formal language in terms of a set of rules used to recognize strings of this
language. Unlike EBNF, PEGs have an exact interpretation. There is only one valid parse tree (see Abstract Syntax Tree) for each
PEG grammar.

Sequences

Sequences are represented by juxtaposition likein EBNF:

ab

The PEG expression above states that, in order for thisto succeed, b must follow a. Here's the syntax diagram:

>— A > B |

Sequence

Here'satrivial example:
"x' digit

which means the character x must be followed by a digit.

S Note
In Soirit.Qi, we use the >> for sequences since C++ does not allow juxtaposition, while in Spirit.Karma we use the
<< instead.

Alternatives

Alternatives are represented in PEG using the slash:

6 Bryan Ford: Parsing Expression Grammars. A Recognition-Based Syntactic Foundation, http://pdos.csail.mit.edu/~baf ord/packrat/popl 04/
7 Richard E. Pattis: EBNF: A Notation to Describe Syntax, http://www.cs.cmu.edu/~pattis/misc/ebnf.pdf

28

httpo://www.renderx.com/


http://pdos.csail.mit.edu/~baford/packrat/popl04/
http://www.cs.cmu.edu/~pattis/misc/ebnf.pdf
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Spirit 2.5.2

E Note
In Spirit.Qi and Spirit.Karma, we usethe| for aternativesjust asin EBNF.

Alternatives allow for choices. The expression above reads: try to match a. If a succeeds, success, if not try to match b. Thisisabit
of adeviation from the usual EBNF interpretation where you simply match a or b. Here's the syntax diagram:

O » A o
» B

Ordered Choice

PEGs allow for ambiguity in the alternatives. In the expression above, both a or b can both match an input string. However, only
the first matching alternative is valid. As noted, there can only be one valid parse tree.

Loops

Again, like EBNF, PEG uses the regular-expression Kleene star and the plus loops:

a*
at

S Note
Soirit.Qi and Spirit.Karma use the prefix star and plus since there is no postfix star or plusin C++.

Here are the syntax diagrams:

Oo—%> A 2

Zero or More

Q—T—'A ®]

One or More

Thefirst, called the Kleene star, matches zero or more of its subject a. The second, plus, matches one ore more of its subject a.

Unlike EBNF, PEGs have greedy loops. It will match as much asit can until its subject fails to match without regard to what follows.
Thefollowing is a classic example of afairly common EBNF/regex expression failing to match in PEG:

29

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

Spirit 2.5.2

al nunmr digit

In PEG, alnum will eat as much a pha-numeric characters as it can leaving nothing more left behind. Thus, the trailing digit will get
nothing. Loops are simply implemented in recursive descent code as for/while loops making them extremely efficient. That is a
definite advantage. On the other hand, those who are familiar with EBNF and regex behavior might find the behavior amajor gotcha.
PEG provides a couple of other mechanisms to circumvent this. We will see more of these other mechanisms shortly.

Difference

In some cases, you may want to restrict a certain expression. You can think of a PEG expression as amatch for a potentially infinite
set of strings. The difference operator allows you to restrict this set:

The expression reads: match a but not b.

S Note
Thereis no difference operator in Spirit.Karma, as the concept does not make sense in the context of output gener-
ation.

Attributes

Attributes of Primitive Components

Parsers and generators in Spirit are fully attributed. Spirit.Qi parsers aways expose an attribute specific to their type. Thisis called
synthesized attribute asit isreturned from a successful match representing the matched input sequence. For instance, numeric parsers,
such asi nt _ or doubl e_, return the i nt or doubl e value converted from the matched input sequence. Other primitive parser
components have other intuitive attribute types, such as for instancei nt _ which hasi nt, or asci i : : char _ which haschar . For
primitive parsers apply the normal C++ convertibility rules: you can use any C++ type to receive the parsed value as long as the at-
tribute type of the parser is convertible to the type provided. The following example shows how a synthesized parser attribute (the
i nt value) is extracted by calling the API function gi : : par se:

int value = O;

std::string str("123");

std::string::iterator strbegin = str.begin();
gi::parse(strbegin, str.end(), int_, value); /1 value == 123

The attribute type of agenerator defines what datatypesthis generator isable to consumein order to produceits output. Spirit.Karma
generators always expect an attribute specific to their type. Thisis called consumed attribute and is expected to be passed to the
generator. The consumed attribute is most of the time the value the generator is designed to emit output for. For primitive generators
the normal C++ convertibility rules apply. Any data type convertible to the attribute type of a primitive generator can be used to
provide the data to generate. We present a similar example as above, this time the consumed attribute of the i nt _ generator (the
i nt value) is passed to the API function kar ma: : gener at e:

int value = 123;

std::string str;

std::back_insert_iterator<std::string> out(str);

karma: : generate(out, int_, value); /] str == "123"

Other primitive generator components have other intuitive attribute types, very similar to the corresponding parser components. For
instance, the asci i : : char _ generator has char as consumed attribute. For afull list of available parser and generator primitives
and their attribute types please see the sections Qi Parsers and Karma Generators.
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Attributes of Compound Components

Soirit.Qi and Spirit.Karma implement well defined attribute type propagation rules for al compound parsers and generators, such
as sequences, alternatives, Kleene star, etc. The main attribute propagation rule for a sequencesis for instance:

Library Sequence attribute propagation rule

Qi a: A b: B-->(a > b): tuple<A B>
Karma a: A b: B-->(a << b): tuple<A B>
which reads as:

Given a and b are parsers (generators), and A isthe attribute type of a, and B is the attribute type of b, then the at-
tributetypeof a >> b (a << b) will betupl e<A, B>.

E Note
The notation t upl e<A, B> is used as a placeholder expression for any fusion sequence holding the types A and
B, such asboost : : fusi on: : tupl e<A, B>orstd:: pair<A, B> (for moreinformation see Boost.Fusion).

Asyou can see, in order for atype to be compatible with the attribute type of acompound expression it hasto
» either be convertible to the attribute type,
* or it hasto expose certain functionalities, i.e. it needs to conform to a concept compatible with the component.

Each compound component implements its own set of attribute propagation rules. For a full list of how the different compound
generators consume attributes see the sections Parser Compound Attribute Rules and Generator Compound Attribute Rules.

The Attribute of Sequence Parsers and Generators

Sequences require an attribute type to expose the concept of afusion sequence, where all elements of that fusion sequence have to
be compatible with the corresponding element of the component sequence. For example, the expression:

Library Sequence expression
Qi doubl e_ >> doubl e_
Karma doubl e_ << double_

is compatible with any fusion sequence holding two types, where both types have to be compatible with doubl e. Thefirst element
of the fusion sequence has to be compatible with the attribute of the first doubl e_, and the second element of the fusion sequence
has to be compatible with the attribute of the second doubl e_. If we assume to have an instance of a st d: : pai r <doubl e,
doubl e>, we can directly use the expressions above to do both, parse input to fill the attribute:

/1 the following parses "1.0 2.0" into a pair of double
std::string input("1.0 2.0");

std::string::iterator strbegin = input.begin();

std: : pai r<doubl e, doubl e> p;

gi : : phrase_parse(strbegin, input.end(),

gi : : double_ >> qi::double_, /'l parser gramar
gi : : space, /1 delimter granmar
p); /1 attribute to fill while parsing

and generate output for it;
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/1 the followi ng generates: "1.0 2.0" fromthe pair filled above

std::string str;

std::back_insert_iterator<std::string> out(str);

karma: : generate_del i mited(out,
karma: : doubl e_ << karna::double_, // generator granmmar (format description)
kar ma: : space, /1 delimter granmar
p); /1 data to use as the attribute

(wherethe kar ma: : space generator is used as the delimiter, allowing to automatically skip/insert delimiting spaces in between all
primitives).

Q Tip
For sequencesonly: Spirit.Qi and Spirit.Karma expose a set of API functions usable mainly with sequences. Very
much like the functions of the scanf and pri nt f families these functions allow to pass the attributes for each of
the elements of the sequence separately. Using the corresponding overload of Qi's parse or Karma'sgener at e()

the expression above could be rewritten as:

double d1 = 0.0, d2 = 0.0;

gi : : phrase_parse(begin, end, qi::double_ >> qi::double_, qi::space, dil, d2);
karma: : gener at e_del i niJ

ited(out, karnm::double_ << karma::double_, karma::space, dl, d2);

where the first attribute is used for thefirst doubl e_, and the second attribute is used for the second doubl e_.

The Attribute of Alternative Parsers and Generators

Alternative parsers and generators are all about - well - alternatives. In order to store possibly different result (attribute) types from
the different alternatives we use the data type Boost.Variant. The main attribute propagation rule of these componentsis:

a: A b: B-->(a| b): variant<A B>
Alternatives have a second very important attribute propagation rule:
aa A b A-->(a| b): A

often allowing to simplify things significantly. If all sub expressions of an alternative expose the same attribute type, the overall al-
ternative will expose exactly the same attribute type as well.

More About Attributes of Compound Components

While parsing input or generating output it is often desirable to combine some constant elements with variable parts. For instance,
let us look at the example of parsing or formatting a complex number, which iswrittenas(real , i mag), wherereal andi mag
are the variables representing the real and imaginary parts of our complex number. This can be achieved by writing:

Library Sequence expression
Qi "(*" >> double_ >>", " >> double_ >>"')"'
Karma "('" << double_ << ", " << double_ << ")’

Fortunately, literals(suchas' (* and", ") donot exposeany attribute (well actualy, they do exposethe specia typeunused_t ype,
but in this context unused_t ype isinterpreted asif the component does not expose any attribute at all). It is very important to un-
derstand that the literals don't consume any of the elements of a fusion sequence passed to this component sequence. As said, they
just don't expose any attribute and don't produce (consume) any data. The following example shows this:
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/'l the following parses "(1.0, 2.0)" into a pair of double
std::string input("(1.0, 2.0)");
std::string::iterator strbegin = input.begin();
st d: : pai r<doubl e, doubl e> p;
gi :: parse(strbegin, input.end(),
"('" >> qgi::double_ >>" " >> qgi::double_ >>")"' [/ parser grammar
p); /1l attribute to fill while parsing

and here is the equivalent Spirit.Karma code snippet:

/1 the follow ng generates: (1.0, 2.0)
std::string str;
std::back_insert_iterator<std::string> out(str);
gener at e( out ,
"(' << karma::double_ << ", " << karma::double_ << "')"', // generator grammar (format descripl
tion)
p); /1 data to use as the attribute

where thefirst element of the pair passed in asthe datato generateis still associated with thefirst doubl e_, and the second element
is associated with the second doubl e_ generator.

This behavior should be familiar as it conforms to the way other input and output formatting libraries such as scanf, printf or
boost : : f or mat are handling their variable parts. In this context you can think about Spirit.Qi's and Spirit.Karma's primitive com-
ponents (such asthe doubl e_ above) as of being type safe placeholders for the attribute values.

@ Tip
Similarly to the tip provided above, this example could be rewritten using Spirit's multi-attribute API function:
double d1 = 0.0, d2 = 0.0;

gi::parse(begin, end, '(' >> qgi::double_ >> ", " >> qgi::double_ >>")"' di, d2);
karma: : generate(out, '(' << karma::double_ << ", " << karma::double_ << ')"', di1, d2);

which provides aclear and comfortable syntax, more similar to the placeholder based syntax as exposed by pri nt f
or boost:: fornmat.

Let'stake alook at thisfrom amore formal perspective. The sequence attribute propagation rules define a specia behavior if gener-
ators exposing unused_t ype astheir attribute are involved (see Generator Compound Attribute Rules):

Library Sequence attribute propagation rule

Qi a: A b: Unused --> (a >> b): A
Karma a: A b: Unused --> (a << b): A
which reads as:

Given a and b are parsers (generators), and A is the attribute type of a, and unused_t ype is the attribute type of
b, then the attribute type of a >> b (a << b) will be A aswell. Thisrule applies regardless of the position the
element exposing the unused_t ype isat.

This rule is the key to the understanding of the attribute handling in sequences as soon as literals are involved. It is asif elements
with unused_t ype attributes 'disappeared’ during attribute propagation. Notably, this is not only true for sequences but for any
compound components. For instance, for alternative components the corresponding ruleis:
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a: A b: Unused --> (a | b): A

again, allowing to simplify the overall attribute type of an expression.

Attributes of Rules and Grammars

Nonterminals are well known from parsers where they are used as the main means of constructing more complex parsers out of
simpler ones. The nonterminals in the parser world are very similar to functions in an imperative programming language. They can
be used to encapsul ate parser expressionsfor aparticular input sequence. After being defined, the nonterminals can be used as'normal’
parsersin more complex expressions whenever the encapsulated input needs to be recognized. Parser nonterminalsin Spirit.Qi may
accept parameters (inherited attributes) and usually return a value (the synthesized attribute).

Both, the types of the inherited and the synthesized attributes have to be explicitly specified while defining the particular gr ammar
or ther ul e (the Spirit Repository additionally has subr ul es which conform to a similar interface). As an example, the following
code declaresa Spirit.Qi r ul e exposingani nt asits synthesized attribute, while expecting asingle doubl e asitsinherited attribute
(see the section about the Spirit.Qi Rule for more information):

gi::rule<lterator, int(double)> r;

In the world of generators, nonterminals are just as useful as in the parser world. Generator nonterminals encapsulate a format de-
scription for aparticular datatype, and, whenever we need to emit output for this datatype, the corresponding nonterminal isinvoked
inasimilar way asthe predefined Spirit.Karma generator primitives. The Spirit.Karma nonterminals are very similar to the Sirit.Qi
nonterminals. Generator nonterminals may accept parameters aswell, and we call those inherited attributestoo. The main difference
isthat they do not expose a synthesized attribute (as parsers do), but they require a special consumed attribute. Usually the consumed
attribute is the value the generator creates its output from. Even if the consumed attribute is not 'returned' from the generator we
chose to use the same function style declaration syntax as used in Spirit.Qi. The example below declares a Spirit.Karmar ul e con-
suming adoubl e while not expecting any additional inherited attributes.

karma: :rul e<Qutputlterator, double()> r;

The inherited attributes of nonterminal parsers and generators are normally passed to the component during its invocation. These
arethe parametersthe parser or generator may accept and they can be used to parameterize the component depending on the context
they are invoked from.
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Qi - Writing Parsers
Tutorials
Quick Start

Why would you want to use Spirit.Qi?

Spirit.Qi is designed to be a practical parsing tool. The ability to generate afully-working parser from aformal EBNF specification
inlined in C++ significantly reduces development time. Programmers typically approach parsing using ad hoc hacks with primitive
tools such as scanf. Even regular-expression libraries (such as boost regex) or scanners (such as Boost tokenizer) do not scale well
when we need to write more el aborate parsers. Attempting to write even amoderately-complex parser using these toolsleadsto code
that is hard to understand and maintain.

One prime objective isto make the tool easy to use. When one thinks of a parser generator, the usual reaction is"it must be big and
complex with a steep learning curve.” Not so. Spirit is designed to be fully scalable. Thelibrary is structured in layers. This permits
learning on an as-needed basis, after only learning the minimal core and basic concepts.

For development simplicity and ease in deployment, the entire library consists of only header files, with no libraries to link against
or build. Just put the Spirit distribution in your include path, compile and run. Code size? -very tight -essentially comparable to hand
written recursive descent code.

Our tutorials will walk you through the simplest Spirit examples, incrementally building on top of the earlier examples as we expose
more and more features and techniques. We will try to be as gentle as possible with the learning curve. We will present the tutorials
in a cookbook style approach. This style of presentation is based on our BoostCon '07 and BoostCon '08 slides.

Have fun!
Warming up

WEe'll start by showing examples of parser expressions to give you afeel on how to build parsers from the simplest parser, building
up as we go. When comparing EBNF to Spirit, the expressions may seem awkward at first. Spirit heavily uses operator overloading
to accomplish its magic.

Trivial Example #1 Parsing a number

Create a parser that will parse a floating-point number.

doubl e_

(You've got to admit, that's trivial!) The above code actually generates a Spirit floating point parser (a built-in parser). Spirit has
many pre-defined parsers and consistent naming conventions help you keep from going insane!

Trivial Example #2 Parsing two numbers

Create a parser that will accept aline consisting of two floating-point numbers.

doubl e_ >> doubl e_

Here you see the familiar floating-point numeric parser doubl e_ used twice, once for each number. What's that >> operator doing
inthere?Well, they had to be separated by something, and thiswas chosen asthe "followed by" sequence operator. The above program
creates a parser from two simpler parsers, glueing them together with the sequence operator. The result is a parser that is a compos-
ition of smaller parsers. Whitespace between numbers can implicitly be consumed depending on how the parser isinvoked (see below).
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S Note
When we combine parsers, we end up with a"bigger" parser, but it's still a parser. Parsers can get bigger and bigger,
nesting more and more, but whenever you glue two parsers together, you end up with one bigger parser. Thisisan
important concept.

Trivial Example #3 Parsing zero or more numbers

Create a parser that will accept zero or more floating-point numbers.
*doubl e_

Thisislike aregular-expression Kleene Star, though the syntax might look a bit odd for a C++ programmer not used to seeing the
* operator overloaded like this. Actually, if you know regular expressionsit may look odd too since the star is before the expression
it modifies. C'est lavie. Blame it on the fact that we must work with the syntax rules of C++.

Any expression that evaluates to a parser may be used with the Kleene Star. Keep in mind that C++ operator precedence rules may
require you to put expressions in parentheses for complex expressions. The Kleene Star is also known as a Kleene Closure, but we
call it the Star in most places.

Trivial Example #4 Parsing a comma-delimited list of numbers

This example will create a parser that accepts a comma-delimited list of numbers.

double_ >> *(char _(',") >> double )

Noticechar _(','). Itisaliteral character parser that can recognize the comma' , ' . In this case, the Kleene Star is modifying a
more complex parser, namely, the one generated by the expression:

(char_(',") >> double_)

Note that thisis a case where the parentheses are necessary. The Kleene star encloses the compl ete expression above.
Let's Parse!

WEe're done with defining the parser. So the next step is how invoking this parser to do its work. There are a couple of ways to do
this. For now, we will usethe phr ase_par se function. One overload of this function accepts four arguments:

1. Aniterator pointing to the start of the input

2. Aniterator pointing to one past the end of the input
3. The parser object

4. Another parser called the skip parser

In our example, wewish to skip spaces and tabs. Another parser named space isincluded in Spirit's repertoire of predefined parsers.
Itisavery simpleparser that simply recognizes whitespace. We will usespace asour skip parser. The skip parser isthe oneresponsible
for skipping charactersin between parser elements such asthedoubl e_ and char _.

Ok, so now let's parse!
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tenpl ate <typenane |terator>
bool parse_nunbers(lterator first, Iterator |ast)

{ using qi::double_;
usi ng qi:: phrase_parse;
using ascii::space;
bool r = phrase_parse(
first, (1)
| ast, (2]
double_ >> *('," >> double_), (3]
space (4]
if (first '=1last) // fail if we did not get a full match
return fal se;
return r;
}
O  startiterator
® enditerator
® theparser
0O theskip-parser

The parse function returnst r ue or f al se depending on the result of the parse. The first iterator is passed by reference. On a suc-
cessful parse, thisiterator is repositioned to the rightmost position consumed by the parser. If this becomes equal to | ast , then we
have a full match. If not, then we have a partial match. A partial match happens when the parser is only able to parse a portion of
the input.

Note that we inlined the parser directly in the call to parse. Upon calling parse, the expression evaluates into a temporary, unnamed
parser which is passed into the parse() function, used, and then destroyed.

Here, we opted to make the parser generic by making it atemplate, parameterized by the iterator type. By doing so, it can take in
data coming from any STL conforming sequence as long as the iterators conform to a forward iterator.

You can find the full cpp file here: ../../example/gi/num_listl.cpp

E I Note
char andwchar _t operands

The careful reader may notice that the parser expression has' , ' instead of char _(', ') asthe previous examples
did. Thisis ok dueto C++ syntax rules of conversion. There are >> operators that are overloaded to accept achar

orwchar _t argument onitsleft or right (but not both). An operator may be overloaded if at least one of its parameters
is a user-defined type. In this case, the doubl e_ isthe 2nd argument to oper at or >>, and so the proper overload
of >> isused, converting' , ' into acharacter literal parser.

The problem with omittingthechar _ shouldbeobvious:' a' >> ' b' isnot aspirit parser, it isanumeric expression,
right-shifting the ASCI| (or another encoding) valueof ' a' by theASCII valueof ' b' . However, bothchar _(' a')
>> 'p' and'a' >> char_('b') are Spirit sequence parsersfor the letter ' a' followed by ' b' . You'll get used
to it, sooner or later.

Finally, take note that we test for afull match (i.e. the parser fully parsed the input) by checking if the first iterator, after parsing, is
equal to the end iterator. You may strike out this part if partial matches are to be allowed.
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Parser Semantic Actions

The example in the previous section was very simplistic. It only recognized data, but did nothing with it. It answered the question:
"Did theinput match?'. Now, we want to extract information from what was parsed. For example, we would want to store the parsed
number after a successful match. To do this, you will need semantic actions.

Semantic actions may be attached to any point in the grammar specification. These actions are C++ functions or function objects
that are called whenever a part of the parser successfully recognizes a portion of the input. Say you have a parser P, and a C++
function F. You can make the parser call F whenever it matches an input by attaching F:

PLF]

The expression above links F to the parser, P.

The function/function object signature depends on the type of the parser to which it is attached. The parser doubl e_ passes the
parsed number. Thus, if we were to attach afunction F to doubl e_, we need F to be declared as:

voi d F(double n);

There are actually 2 more arguments being passed (the parser context and a reference to a boolean 'hit' parameter). We don't need
these, for now, but we'll see more on these other arguments later. Spirit.Qi allows us to bind a single argument function, like above.
The other arguments are simply ignored.

Examples of Semantic Actions

Presented are various ways to attach semantic actions:
 Using plain function pointer

» Using simple function object

» Using Boost.Bind with a plain function

» Using Boost.Bind with a member function

» Using Boost.Lambda

Given:
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nanespace client

{
nanmespace qi = boost::spirit::qi;
/1 A plain function
void print(int const& i)
{
std::cout << i << std::endl;
}
/1 A menber function
struct writer
{
void print(int const& i) const
{
std::cout << i << std::endl;
}
b
/1 A function object
struct print_action
{
voi d operator()(int const& i, qi::unused_type, qi::unused_type) const
{
std::cout << i << std::endl;
}
b
}

Take note that with function objects, we need to have an oper at or () with 3 arguments. Since we don't care about the other two,
we can use unused_t ype for these. WEll see more of unused_t ype elsewhere. unused_t ype isa Spirit supplied support class.

All examples parse inputs of the form:
"{integer}"

An integer inside the curly braces.

The first example shows how to attach a plain function:
parse(first, last, "{' >>int_[&rint] >> "}");

What's new? Well i nt _ isthe sibling of doubl e_. I'm sure you can guess what this parser does.

The next example shows how to attach a simple function object:
parse(first, last, '"{' >>int_[print_action()] >>"'}");
We can use Boost.Bind to 'bind' member functions:

witer w
parse(first, last, '"{' >> int_[boost::bind(&witer::print, &w, _1)] >> "}");

Likewise, we can also use Boost.Bind to 'bind' plain functions:

parse(first, last, '"{' >>int_[boost::bind(&rint, _1)] >>"}");
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Yep, we can also use Boost.Lambda:
parse(first, last, '{' >>int_[std::cout << _1 << '\n'] >>"}");

There are more ways to bind semantic action functions, but the examples above are the most common. Attaching semantic actions
isthefirst hurdle one has to tackle when getting started with parsing with Spirit. Familiarize yourself with thistask and get intimate
with the tools behind it such as Boost.Bind and Boost.Lambda.

The examples above can be found here: ../../example/qi/actions.cpp
Phoenix

Phoenix, a companion library bundled with Spirit, is specifically suited for binding semantic actions. It is like Boost.Lambda on
steroids, with special custom features that make it easy to integrate semantic actions with Spirit. If your requirements go beyond
simple to moderate parsing, it is suggested that you use this library. All the following examples in this tutorial will use Phoenix for
semantic actions.

2 I mportant

There are different ways to write semantic actions for Spirit.Qi: using plain functions, Boost.Bind, Boost.Lambda,
or Phoenix. The latter three allow you to use special placeholders to control parameter placement (_1, 2, etc.).
Each of those libraries has it's own implementation of the placeholders, all in different namespaces. You have to
make sure not to mix placeholders with alibrary they don't belong to and not to use different libraries while writing
a semantic action.

Generally, for Boost.Bind, use: : _1,:: _2, etc. (yes, these placeholders are defined in the global namespace).

For Boost.L ambda use the placeholders defined in the namespace boost : : | anbda.

For semantic actions written using Phoenix use the placeholders defined in the namespace boost : : spiri t . Please
notethat all existing placeholdersfor your convenience are also available from the namespaceboost : : spirit:: qi.

Complex - Our first complex parser

WEll, not really acomplex parser, but aparser that parses complex numbers. Thistime, we're using Phoenix to do the semantic actions.

Here's asimple parser expression for complex numbers:

"(* >> double_ >> -('," >> double ) >> ')’
| doubl e_

What's new? Well, we have:

1. Alternates: e.g.a | b. Try a first. If it succeeds, good. If not, try the next alternative, b.

2. Optionals: e.g. -p. Match the parser p zero or onetime.

The complex parser presented above reads as:

* One or two real numbers in parentheses, separated by comma (the second number is optional)
* OR asinglereal number.

This parser can parse complex numbers of the form:
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(123. 45, 987.65)
(123. 45)
123. 45

Here goes, this time with actions:

namespace client

{
tenpl ate <typenane |terator>
bool parse_conplex(lterator first, Iterator last, std::conpl ex<doubl e>& c)
{
usi ng boost::spirit::qi::double_;
usi ng boost::spirit::qi::_1;
usi ng boost::spirit::qi::phrase_parse;
usi ng boost::spirit::ascii::space;
usi ng boost : : phoeni x: : ref;
double rN = 0.0;
double i N = 0.0;
bool r = phrase_parse(first, I|ast,
/1 Begin gramar
"(' >> double_[ref(rN) = _1]
>> -('," >> double_[ref(iN = _1]) >> ")’
| double_[ref(rN) = _1]
)
/1 End grammar
space) ;
if (!'r || first !=1last) // fail if we did not get a full match
return fal se;
c = std::conpl ex<doubl e>(rN, iN);
return r;
}
}

The full cpp file for this example can be found here: ../../example/gi/complex_number.cpp

S Note
Those with experience using Phoenix might be confused with the placeholders that we areusing (i.e. _1, 2, etc.).
Please be aware that we are not using the same placehol ders supplied by Phoenix. Take note that we are pulling in
the placeholders from namespace boost : : spirit:: gi . These placeholders are specifically tailored for Spirit.

Thedoubl e_ parser attaches this action:
ref(n) = _1

This assigns the parsed result (actually, the attribute of doubl e_) to n. r ef (n) tells Phoenix that n is a mutable reference. _1 isa
Phoenix placeholder for the parsed result attribute.

Sum - adding numbers
Here's a parser that sums a comma-separated list of numbers.

Ok we've glossed over some detailsin our previous examples. First, our includes:
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#i ncl ude <boost/spirit/include/qi.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <i ostreanr

#i ncl ude <string>

Then some using directives:

namespace qi = boost::spirit::qi;
namespace ascii = boost::spirit::ascii;
namespace phoeni x = boost: : phoeni x;

using qi::double_;
using qi::_1;

usi ng ascii::space;
usi ng phoeni x: : ref;

Namespace Description

boost::phoenix All of phoenix

boost::spirit All of spirit

boost::spirit::qi All of spirit.qi

boost::spirit::ascii ASCII version of char _ and all char related parsers. Other en-

codings are also provided (e.g. also an 1SO8859.1)

boost::spirit::arg_names Special phoenix placeholders for spirit

E I Note

If you feel uneasy with using whole namespaces, fedl freeto qualify your code, use namespace aliases, etc. For the
purpose of this tutorial, we will be presenting unqualified names for both Spirit and Phoenix. No worries, we will
always present the full working code, so you won't get lost. Infact, al examplesin thistutorial have a corresponding
cpp file that QuickBook (the documentation tool we are using) imports in here as code snippets.

Now the actual parser:

tenpl ate <typenane |terator>
bool adder(lterator first, Iterator |ast, double& n)

{
bool r = qi::phrase_parse(first, |ast,
/1 Begin granmmar
double_[ref(n) = _1] >> *('," >> double_[ref(n) += _1])
)
)/ End granmar
space) ;
if (first !'=1last) // fail if we did not get a full match
return fal se;
return r;
}
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The full cpp file for this example can be found here: ../../example/qgi/sum.cpp

Thisis amost like our original numbers list example. We're incrementally building on top of our examples. This time though, like
in the complex number example, we'll be adding the smarts. There's an accumulator (doubl e& n) that adds the numbers parsed. On
a successful parse, this number is the sum of all the parsed numbers.

Thefirst doubl e_ parser attaches this action:

ref(n) = _1
This assigns the parsed result (actually, the attribute of doubl e_) ton. r ef (n) tells Phoenix that n is a mutable reference. _1 isa
Phoenix placeholder for the parsed result attribute.

The second doubl e_ parser attaches this action:
ref(n) += _1

So, subsequent numbers add into n.

That wasn't too bad, wasit :-) ?

Number List - stuffing numbers into a std::vector

This sample demonstrates a parser for a comma separated list of numbers. The numbers are inserted in a vector using phoenix.

tenpl ate <typenane |terator>
bool parse_nunbers(lterator first, Iterator |last, std::vector<doubl e>& v)

{
usi ng qi::double_;
usi ng qi:: phrase_parse;
using qi::_1;
usi ng ascii::space
usi ng phoeni x: : push_back;

bool r = phrase_parse(first, |ast
/1 Begin gramar
doubl e_[ push_back( phoeni x: :ref(v), _1)]

>> *(' " >> doubl e_[ push_back( phoeni x: :ref(v), _1)])
)

/1 End granmar
space)
if (first !'=1last) // fail if we did not get a full match

return fal se;
return r

The full cpp file for this example can be found here: ../../example/gi/num_list2.cpp

This, again, isthe same parser as before. Thistime, instead of summing up the numbers, we stuff theminast d: : vect or . push_back
is supplied by Phoenix. The expression:

push_back(ref(v), _1)
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appends the parsed number. Like before, _1 is a Phoenix placeholder for the parsed result attribute. Also, like before, r ef (v) tells
Phoenix that v, the st d: : vect or, isamutable reference.

Number List Redux - list syntax

So far, we've been using the syntax:

double_ >> *('," >> double_)

to parse acomma-delimited list of numbers. Such lists are common in parsing and Spirit provides a simpler shortcut for them. The
expression above can be simplified to:

double_ %'

read as: alist of doubles separated by * , ' .

This sample, again a variation of our previous example, demonstrates just that:

tenpl ate <typenane |terator>
bool parse_nunbers(lterator first, Iterator |last, std::vector<doubl e>& v)

{
usi ng qi::double_;
usi ng qi:: phrase_parse;
using qi::_1;
usi ng ascii::space;
usi ng phoeni x: : push_back;
bool r = phrase_parse(first, I|ast,
/1 Begin gramar

doubl e_[ push_back( phoeni x: :ref(v), _1)] %"',"’
)

/1 End granmar
space) ;

if (first !'=1last) // fail if we did not get a full match
return fal se;
return r;

The full cpp file for this example can be found here: ../../example/gi/num_list3.cpp

Number List Attribute - one more, with style

You've seen that the doubl e_ parser has a doubl e attribute. All parsers have an attribute, even complex parsers. Those that are
composed from primitives using operators, like the list parser, also have an attribute. 1t so happens that the attribute of alist parser:

p %d
isastd: : vect or of the attribute of p. So, for our parser:
double_ %"’

we'll have an attribute of :
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std:: vect or <doubl e>

So, what does this give us? Well, we can simply passin ast d: : vect or <doubl e> to our number list parser and it will happily
churn out our result in our vector. For that to happen, we'll use avariation of the phr ase_par se with an additional argument: the
parser's attribute. With the following arguments passed to phr ase_par se

1. Aniterator pointing to the start of the input

2. Aniterator pointing to one past the end of the input
3. The parser object

4. Another parser called the skip parser

5. The parser's attribute

our parser now is further smplified to:

tenpl ate <typenane |terator>
bool parse_nunbers(lterator first, Iterator last, std::vector<doubl e>& v)

{
using qi::double_;
usi ng qi:: phrase_parse;
using qi::_1;
usi ng ascii::space;
bool r = phrase_parse(first, |ast,
/1 Begin gramar

double_ %" ,"'

)

/1 End granmmar
space, V);
if (first !'=1last) // fail if we did not get a full match

return fal se;
return r;

The full cpp file for this example can be found here: ../../example/qi/num_list4.cpp

Hey, no more actions!!! Now we're entering the realm of attribute grammars. Cool eh?

Roman Numerals
This example demonstrates:
» symbol table

 rule

e grammar
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Symbol Table

The symbol table holds adictionary of symbolswhere each symbol isasequence of characters(achar ,wchar _t i nt, enumeration
etc.) . Thetemplate class, parameterized by the character type, can work efficiently with 8, 16, 32 and even 64 bit characters. Mutable
data of type T are associated with each symbol.

Traditionally, symbol table management is maintained separately outside the BNF grammar through semantic actions. Contrary to
standard practice, the Spirit symbol table classsynbol s isaparser. An object of which may be used anywherein the EBNF grammar
specification. It is an example of a dynamic parser. A dynamic parser is characterized by its ability to modify its behavior at run
time. Initially, an empty symbols object matches nothing. At any time, symbols may be added or removed, thus, dynamically altering
its behavior.

Each entry in a symbol table has an associated mutable data slot. In this regard, one can view the symbol table as an associative
container (or map) of key-value pairs where the keys are strings.

The symbols class expects two template parameters. The first parameter specifies the character type of the symbols. The second
specifies the data type associated with each symbol: its attribute.

Here's a parser for roman hundreds (100..900) using the symbol table. Keep in mind that the data associated with each slot is the
parser's attribute (which is passed to attached semantic actions).

struct hundreds_ : qi::synbol s<char, unsigned>

hundreds_()

{
add
("c , 100)
("cc , 200)
("ccect o, 300)
("co , 400)
("D , 500)
("DC , 600)
("bCcct , 700)
("DCccct , 800)
("o , 900)
}
} hundr eds;

Here's a parser for roman tens (10..90):

struct tens_ : gi::synbol s<char, unsigned>
{
tens_()
{
add
("x" , 10)
(" XX , 20)
("XxXx* -, 30)
("X , 40)
("L" , 50)
("Lx , 60)
("LXx* , 70)
("LXXX" , 80)
("Xc , 90)
}
} tens;
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and, finally, for ones (1..9):

struct ones_ : qi::synbol s<char, unsigned>
{
ones_()
{
add
(1t
e , 2)
("1, 3)
("rve , 4)
("v . 5
("vi" , 6)
("virt 7))
("viret ,8)
("X . 9)
}
} ones;

Now we can use hundr eds, t ens and ones anywhere in our parser expressions. They are all parsers.
Rules

Up until now, we've been inlining our parser expressions, passing them directly to the phr ase_par se function. The expression
evaluatesinto atemporary, unnamed parser which is passed into the phr ase_par se function, used, and then destroyed. Thisisfine
for small parsers. When the expressions get complicated, you'd want to break the expressions into smaller easier-to-understand
pieces, name them, and refer to them from other parser expressions by name.

A parser expression can be assigned to what is called a"rule". There are various ways to declare rules. The simplest form is:
rule<lterator> r;

At the very least, the rule needs to know the iterator type it will be working on. This rule cannot be used with phr ase_par se. It
can only be used with the par se function -- a version that does not do white space skipping (does not have the skipper argument).
If you want to have it skip white spaces, you need to pass in the type skip parser, asin the next form:

rul e<lterator, Skipper>r;
Example:
rule<std::string::iterator, space_type> r;

Thistype of rule can be used for both phr ase_par se and par se.

For our next example, there's one more rule form you should know about:
rule<lterator, Signature> r;
or

rul e<lterator, Signature, Skipper> r;
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@ Tip

All rule template arguments after Iterator can be supplied in any order.

The Signature specifies the attributes of the rule. You've seen that our parsers can have an attribute. Recall that the doubl e_ parser
has an attribute of doubl e. To be precise, these are synthesized attributes. The parser "synthesizes' the attribute value. Think of
them as function return values.

There's another type of attribute called "inherited" attribute. We won't need them for now, but it's good that you be aware of such
attributes. You can think of them as function arguments. And, rightly so, the rule signature is a function signature of the form:

result(argN, argN, ..., argN)
After having declared arule, you can now assign any parser expression to it. Example:
r = double_ >> *('," >> double )

Grammars

A grammar encapsulates one or more rules. It has the same template parameters as the rule. You declare a grammar by:

1. deriving astruct (or class) from the gr ammar class template

2. declare one or more rules as member variables

3. initialize the base grammar class by giving it the start rule (its the first rule that gets called when the grammar starts parsing)
4. initialize your rulesin your constructor

The roman numera grammar isavery nice and simple example of agrammar:

tenpl ate <typenane |terator>
struct roman : qi::grammar<lterator, unsigned()>

{
roman() : roman::base_type(start)
{
usi ng qi::eps;
using qi::lit;
using qi::_val;
using qi::_1;
using ascii::char_;
start = eps [_val = 0] >>
(
+Hit("'M) [ _val += 1000]
|| hundreds [ _val += _1]
|| tens [_val += _1]
|| ones [_val += _1]
)
}
gi::rule<lterator, unsigned()> start;
b

Things to take notice of:
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e The grammar and start rule signature isunsi gned( ) . It has a synthesized attribute (return value) of type unsi gned with no in-
herited attributes (arguments).

» Wedid not specify a skip-parser. We don't want to skip in between the numerals.

* ronman: : base_t ype isatypedef for grammar <l terat or, unsigned()>. If roman was not a template, you could simply
write: base_type(start)

* It'sbest to make your grammar templates such that they can be reused for different iterator types.
» _val isanother Phoenix placeholder representing the rule's synthesized attribute.

* eps isaspecia spirit parser that consumes no input but is always successful. We use it to initialize _val , the rule's synthesized
attribute, to zero before anything else. The actual parser startsat +1i t (' M ), parsing roman thousands. Using eps thisway is
good for doing pre and post initializations.

e Theexpressiona || b reads: matchaor bandinsequence. That is, if botha and b match, it must bein sequence; thisisequivalent
toa >> -b | b, but more efficient.

Let's Parsel!

bool r = parse(iter, end, ronman_parser, result);

if (r & iter == end)

{
std:icout << "---------ioooooooooooo \n";
std::cout << "Parsing succeeded\n";
std::cout << "result =" << result << std::endl;
std::cout << "---------ioooooooooooo \n";

}

el se

{
std::string rest(iter, end);
std::cout << "---------ioooooooooooo \n";
std::cout << "Parsing failed\n";
std::cout << "stopped at: \": " << rest << "\"\n";
std:icout << "---------ioooooooooooo \n";

}

roman_par ser is an object of type r oman, our roman numeral parser. This time around we are using the no-skipping version of
the parse functions. We do not want to skip any spaces! We are also passing in an attribute, unsi gned resul t, which will receive
the parsed value.

The full cpp file for this example can be found here: ../../example/qgi/roman.cpp

Employee - Parsing into structs

It's a common question in the Spirit General List: How do | parse and place the results into a C++ struct? Of course, at this point,
you already know various ways to do it, using semantic actions. There are many ways to skin a cat. Spirit2, being fully attributed,
makes it even easier. The next example demonstrates some features of Spirit2 that make this easy. In the process, you'll learn about:

» More about attributes

* Autorules

» Some more built-in parsers
* Directives

First, let's create a struct representing an employee:
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struct enpl oyee

{ .
int age;
std::string surnane;
std::string forenaneg;
doubl e sal ary;

b

Then, we need to tell Boost.Fusion about our employee struct to make it a first-class fusion citizen that the grammar can utilize. If
you don't know fusion yet, it isaBoost library for working with heterogeneous collections of data, commonly referred to as tuples.
Spirit uses fusion extensively as part of itsinfrastructure.

Infusion's view, astruct is just aform of atuple. You can adapt any struct to be afully conforming fusion tuple:

BOOST_FUSI ON_ADAPT _STRUCT(
client::enployee
(int, age)
(std::string, surnane)
(std::string, forenane)
(doubl e, salary)

Now we'll write a parser for our employee. Inputs will be of the form:

enpl oyee{ age, "surnanme", "forenane", salary }
Here goes:

tenpl ate <typenane |terator>
struct enployee_parser : qi::grammar<lterator, enployee(), ascii::space_type>

{

enpl oyee_parser () : enpl oyee_parser::base_type(start)

using qi::int_;
using qi::lit;
usi ng qi::double_;
usi ng qi:: | exeneg;
usi ng ascii::char_;

quoted_string % lexeme['"' >> +(char_ - '"") >>"""];

start %
lit("enpl oyee")
>> ' {Y
>> int_ >>"
>> quoted_string >>
>> quoted_string >>
>> doubl e_

>> '}
}
gi::rule<lterator, std::string(), ascii::space_type> quoted_string
gi::rule<lterator, enployee(), ascii::space_type> start

The full cpp file for this example can be found here: ../../example/qgi/employee.cpp

Let'swalk through this one step at atime (not necessarily from top to bottom).
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tenpl ate <typenane Iterator>
struct enpl oyee_parser : grammar<lterator, enployee(), space_type>

enpl oyee_par ser isagrammar. Like before, we makeit atemplate so that we can reuseit for different iterator types. The grammar's
signatureis:

enpl oyee()

meaning, the parser generates employee structs. enpl oyee_par ser skipswhite spacesusing space_t ype asits skip parser.
enpl oyee_parser() : enployee_parser::base_type(start)

Initializes the base class.

rule<lterator, std::string(), space_type> quoted_string;
rule<lterator, enployee(), space_type> start;

Declarestworules: quot ed_string andstart.start hasthe sametemplate parameters asthe grammar itself. quot ed_st ri ng
hasast d: : stri ng attribute.

Lexeme
| exeme['"' >> +(char_ - '""') >> ""'];

| exene inhibits space skipping from the open brace to the closing brace. The expression parses quoted strings.
+(char_ - '"")

parses one or more chars, except the double quote. It stops when it sees a double quote.
Difference

The expression:

parses a but not b. Its attribute is just A; the attribute of a. b's attribute isignored. Hence, the attribute of:

char_ -

isjust char.

Plus
+a

issimilar to Kleene star. Rather than match everything, +a matchesone or more. Likeit'srelated function, the Kleene star, its attribute
isastd: : vect or <A> where A isthe attribute of a. So, putting all these together, the attribute of

+(char_ - '"")

is then:
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std::vector<char>

Sequence Attribute

Now what's the attribute of
>> +(char_ - """) >> """
?
WEell, typically, the attribute of:
a>b >c
is:
fusion::vector<A B, C

where A isthe attribute of a, B isthe attribute of b and Cisthe attribute of c. What isf usi on: : vect or ?- atuple.

S Note
If you don't know what | am talking about, see: Fusion Vector. It might be a good idea to have a look into
Boost.Fusion at this point. You'll definitely see more of it in the coming pages.

Attribute Collapsing
Some parsers, especially those very little literal parsersyou see, like' "', do not have attributes.

Nodeswithout attributes are disregarded. In asequence, like above, all nodeswith no attributes arefiltered out of thef usi on: : vect or.
So, since' "' hasno attribute, and +(char _ - '"') hasastd: : vect or <char > attribute, the whole expression's attribute should
have been:

fusion::vector<std::vector<char> >

But wait, there's one more collapsing rule: If the attribute isfollowed by asingle element f usi on: : vect or, The element is stripped
naked from its container. To make a long story short, the attribute of the expression:

>> +(Char_ _ [N ) >> [N
is:
std: :vector<char>

Auto Rules

Itistypical to seeruleslike:
r = p[_val = _1];

If you have arule definition such as the above, where the attribute of the RHS (right hand side) of the rule is compatible with the
attribute of the LHS (left hand side), then you can rewrite it as:
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r % p;
The attribute of p automatically usesthe attribute of r .
So, going back to our quot ed_st ri ng rule:

quoted_string % lexeme['"' >> +(char_ - """) >>"""];
isasimplified version of:

quoted_string = lexene['"" >> +(char_ - '""") >>"""][_val = _1];

The attribute of the quot ed_st ri ng rule: st d: : st ri ng iscompatiblewith the attribute of the RHS: st d: : vect or <char >. The
RHS extracts the parsed attribute directly into the rule's attribute, in-situ.

S Note
r % pandr = p areequivalent if there are no semantic actions associated with p.

Finally

WEe're down to onerule, the start rule:

start %

[it("enpl oyee")

>>
>> int_ >> ',
>> quoted_string >> "'
>> quoted_string >> ' ,"'
>>  doubl e_
>> '}

Applying our collapsing rules above, the RHS has an attribute of:

fusion::vector<int, std::string, std::string, double>

These nodes do not have an attribute:

e lit("enpl oyee")

S Note
In case you are wondering, | i t (" enpl oyee") isthe same as "employee". We had towrap itinside! i t because
immediately after itis>> ' {' .You can't right-shift achar[] and achar - you know, C++ syntax rules.

Recall that the attribute of st art isthe enpl oyee struct:
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struct enpl oyee

{ .
int age;
std::string surnane;
std::string forenaneg;
doubl e sal ary;

b

Now everything is clear, right? The struct enployee IS compatible with fusion::vector<int, std::string,
std::string, double>. So,theRHSOf start usesstart'sattribute (ast ruct enpl oyee) in-situ when it doesits work.

Mini XML - ASTs!

Stop and think about it... We've come very close to generating an AST (abstract syntax tree) in our last example. We parsed asingle
structure and generated an in-memory representation of it in the form of astruct: thest ruct enpl oyee. If we changed the imple-
mentation to parse one or more employees, theresult would beast d: : vect or <enpl oyee>. We can go on and add more hierarchy:
teams, departments, corporations. Then we'll have an AST representation of it all.

In this example (actually two examples), we'll now explore how to create ASTs. We will parse a minimalistic XML-like language
and compile the results into our data structuresin the form of atree.

Along the way, we'll see new features:

 |nherited attributes

Variant attributes

* Local Variables

* Not Predicate

e LazylLit

The full cpp files for these examples can be found here: ../../example/gi/mini_xml1.cpp and here: ../../example/gi/mini_xml2.cpp

There are a couple of sample toy-xml files in the mini_xml_samples subdirectory: ../../example/gi/mini_xml_samples/1.toyxml,
.J..Jlexample/gi/mini_xml_samples/2.toyxml, and ../../example/qgi/mini_xml_samples/3.toyxml for testing purposes. The example
.J../lexample/gi/mini_xml_samples/4.toyxml has an error init.

First Cut

Without further delay, here's the first version of the XML grammar:
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tenpl ate <typenane Iterator>

struct mni_xm _granmar : qi::grammar<lterator, nmini_xm (), ascii::space_type>
{
mni _xm _gramar () : mni_xnl _gramar::base_type(xm)
{
using qi::lit;
using qi:: | exene;
using ascii::char_;
using ascii::string;
usi ng nanespace qi:: | abels;
usi ng phoeni x: : at _c;
usi ng phoeni x: : push_back;
text = lexene[ +(char_ - '<") [ _val += _1]11];
node = (xm | text) [_val = _1];
start_tag =
C e
>> it(' /")
>> | exene[+(char_ - '>") [_val += _1]]
>> !
end_tag =
" </ "
>> string(_rl)
>> !
xm =
start_tag [at _c<0>(_val) = _1]
>>  *node [ push_back(at _c<1>(_val), _1)]
>> end_tag(at_c<0>(_val))
}
gi::rule<lterator, mni_xm (), ascii::space_type> xm;
gi::rule<lterator, mni_xm _node(), ascii::space_type> node;
gi::rule<lterator, std::string(), ascii::space_type> text;
gi::rule<lterator, std::string(), ascii::space_type> start_tag;
gi::rule<lterator, void(std::string), ascii::space_type> end_tag;

Going bottom up, let's examine thet ext rule:

rule<lterator, std::string(), space_type> text;
and its definition:

text = | exene[+(char_ - '<") [_val += _1]];

The semantic action collects the chars and appends them (via +=) to the st d: : st ri ng attribute of the rule (represented by the
placeholder _val ).

Alternates
rule<lterator, mni_xm _node(), space_type> node;

and its definition:
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node = (xm | text) [_val = _1];

WEIl seeani ni _xm _node structure later. Looking at the rule definition, we see some alternation going on here. An xml node is
either anxm OR't ext . Hmmm... hold on to that thought...

rule<lterator, std::string(), space_type> start_tag
Again, with an attribute of st d: : st ri ng. Then, it's definition:

start_tag =
o
>> lIchar_('/")
>> | exenme[+(char_ - '>") [_val += _1]]
>> >

Not Predicate

start_tagissimilartothet ext ruleapart fromtheadded' <' and' >' . But wait, to make surethat thest art _t ag doesnot parse
end_t agstoo, weadd: ! char _('/').Thisisa"Not Predicate":

'p

It will try the parser, p. If it is successful, fail; otherwise, pass. In other words, it negates the result of p. Like the eps, it does not
consume any input though. It will always rewind the iterator position to where it was upon entry. So, the expression:

lchar _('/")

basically says: we should not havea' /' at this point.
Inherited Attribute

Theend_t ag:
rule<lterator, void(std::string), space_type> end_tag;

Ohh! Now we see an inherited attribute there: st d: : stri ng. The end_t ag does not have a synthesized attribute. Let's see its

definition:
end_tag =
neym
>> lit(_rl)
>> >

_r 1 isyet another Phoenix placeholder for the first inherited attribute (we have only one, use _r 2, _r 3, etc. if you have more).
A Lazy Lit

Check out how weused| i t here, thistime, not with aliteral string, but with the value of thefirst inherited attribute, whichis specified
asstd::stringinourruledeclaration.

Finaly, our xml rule:

rule<lterator, mni_xm (), space_type> xm;
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m ni _xm isour attribute here. WE'll see later what it is. Let's see its definition:

xm =
start_tag [at_c<0>(_val) = 1]
>>  *node [ push_back(at _c<1>(_val), _1)]
>> end_tag(at_c<0>(_val))

Those who know Boost.Fusion now will notice at _c<0> and at _c<1>. Thisgivesusahint that mi ni _xm isasort of atuple- a
fusion sequence. at _c<N> hereisalazy version of the tuple accessors, provided by Phoenix.

How it all works

So, what's happening?

1. Upon parsing st art _t ag, the parsed start-tag string is placed inat _c<0>( _val ).

2. Then we parse zero or more nodes. At each step, we push_back theresultintoat _c<1>(_val).

3. Finaly, weparsetheend_t ag givingit aninherited attribute; at _c<0>( _val ) . Thisisthe string we obtained fromthest art _t ag.
Investigateend_t ag above. It will fail to parseif it gets something different from what we got fromthest art _t ag. Thisensures
that our tags are balanced.

To give the last item some more light, what happensis this:

end_tag(at_c<0>(_val))

cals:.
end_tag =
neyn
>> lit(_rl)
>> >

passinginat _c<0>(_val ), thestring from start tag. Thisisreferred tointheend_t ag body as_r 1.
The Structures

Let's see our structures. It will definitely be hierarchical: xml is hierarchical. It will also be recursive: xml is recursive.

struct mni_xm;

t ypedef
boost: : vari ant <
boost : : recursi ve_wr apper <mi ni _xmnl >
std::string
>
m ni _xm _node;

struct mni_xmn

{
std::string nane; /'l tag nane
std::vector<mni_xm _node> children; /1 children
s
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Of Alternates and Variants

Sothat'swhat anmi ni _xm _node lookslike. We had ahint that it iseither ast ri ng or ani ni _xmi . For this, we use Boost.Variant.
boost : : recursi ve_w apper wrapsmi ni _xnl , making it arecursive data structure.

Yep, you got that right: the attribute of an alternate:
al b

isa
boost : : vari ant <A, B>

where Ais the attribute of a and B is the attribute of b.
Adapting structs again

m ni _xn isnobrainier. Itisaplain ol' struct. But as we've seen in our employee example, we can adapt that to be a Boost.Fusion
sequence:

BOOST_FUSI ON_ADAPT _STRUCT(
client::mni_xmn,
(std::string, nane)
(std::vector<client::mni_xm _node> children)

One More Take

Here's another version. The AST structure remains the same, but this time, you'll see that we make use of auto-rules making the
grammar semantic-action-less. Hereit is:
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tenpl ate <typenane |terator>
struct mni_xm _grammar
gi::grammar<lterator, mni_xm (), qi::locals<std::string> ascii::space_type>
{
m ni _xm _granmar ()
© mni _xm _grammar: : base_type(xmn)
{
using qi::lit;
using qi:: | exene;
using ascii::char_;
using ascii::string;
usi ng nanespace qi:: |l abels

text % |exeme[+(char_ - "<')];
node % xm | text;

start_tag %
Do
>> it(' /")
>> | exeme[ +(char_ - '>")]
>> >

end_tag =
" </ "
>> string(_rl)
>> !

xm %
start_tag[_a = _1]
>>  *node
>> end_tag(_a)

gi::rule<lterator, mni_xm (), qi::locals<std::string> ascii::space_type> xm;
gi::rule<lterator, mni_xm _node(), ascii::space_type> node

gi::rule<lterator, std::string(), ascii::space_type> text

gi::rule<lterator, std::string(), ascii::space_type> start_tag
gi::rule<lterator, void(std::string), ascii::space_type> end_tag

This one shouldn't be any more difficult to understand after going through the first xml parser example. The rules are almost the
same, except that, we got rid of semantic actions and used auto-rules (see the employee example if you missed that). There is some
new stuff though. It'sal inthexn rule:

Local Variables
rule<iterator, mni_xnm (), |locals<std::string> space_type> xn

Wow, we have four template parameters now. What's that | ocal s guy doing there? Well, it declares that the rule xm will have one
local variable: ast ri ng. Let's see how thisisused in action:

xm %
start_tag[_a = _1]
>>  *npode
>> end_tag(_a)
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1. Uponparsingst art _t ag, the parsed start-tag string isplaced in thelocal variable specified by (yet another) Phoenix placehol der:
_a. Wehave only onelocal variable. If we had more, these are designated by _b.. z.

2. Then we parse zero or more nodes.
3. Findly, we parsethe end_t ag giving it an inherited attribute: _a, our local variable.

There are no actionsinvolved in stuffing datainto our xmi attribute. It's al taken care of thanks to the auto-rule.

Mini XML - Error Handling

A parser will not be complete without error handling. Spirit2 provides some facilities to make it easy to adapt a grammar for error
handling. We'll wrap up the Qi tutorial with another version of the mini xml parser, thistime, with error handling.

The full cpp file for this example can be found here: ../../example/qgi/mini_xml3.cpp

Here's the grammar:

tenpl ate <typenane |terator>
struct mni_xm _granmmar

gi ::grammar<lterator, mni_xm (), qi::locals<std::string> ascii::space_type>
{
m ni _xm _grammar ()
© mni_xm _gramar: : base_type(xm , "xm")
{
using qi::lit;
using qi:: | exene;

using qi::on_error;
using qi::fail;

using ascii::char_;
using ascii::string;
usi ng namespace qi: : | abels;

usi ng phoeni x: : construct;
usi ng phoeni x: : val ;

text % |exeme[+(char_ - '<')];
node % xm | text;

start_tag %

<
>> Thit(' /")
> lexenme[+(char_ - '">")]
> '
end_tag =
I
> string(_r1l)
> '
xm %

start_tag[_a = _1]
> *node
> end_tag(_a)

xm . name("xm ") ;

node. nanme( " node" ) ;

text. name("text");
start_tag. nane("start_tag");
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end_tag. name("end_tag");

on_error<fail >

(
xm
std: : cout
<< val ("Error! Expecting ")
<< 4 /1 what failed?
<< val (" here: \"")
<< construct<std::string>(_3, _2) /1 iterators to error-pos, end
<< val ("\"")
<< std::endl
)
}
gi::rule<lterator, mni_xm (), qi::locals<std::string> ascii::space_type> xm;
gi::rule<lterator, mni_xm _node(), ascii::space_type> node;
gi::rule<lterator, std::string(), ascii::space_type> text;
gi::rule<lterator, std::string(), ascii::space_type> start_tag;
gi::rule<lterator, void(std::string), ascii::space_type> end_tag;
b
What's new?

Readable Names

First, when we call the base class, we give the grammar a name:
m ni _xm _granmar: : base_type(xm , "“xm")
Then, we name al our rules:

xm . name("xm");

node. nane( " node") ;

text. name("text");
start_tag. nane("start _tag");
end_tag. name("end_tag");

On Success

on_success declaresahandler that is applied when arule is succesfully matched.

on_success(rul e, handler)

This specifies that the handler will be called when arule is matched successfully. The handler has the following signature:

voi d handl er (
fusion::vector<
Iterator& first,
Iterator const& | ast,
Iterator const& i > args,
Cont ext & cont ext)

first pointsto the positionin the input sequence before the ruleis matched. | ast pointsto the last position in the input sequence.
i pointsto the position in the input sequence following the last character that was consumed by the rule.
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A success handler can be used to annotate each matched rule in the grammar with additional information about the portion of the
input that matched the rule. In a compiler application, this can be a combination of file, line number and column number from the
input stream for reporting diagnostics or other messages.

On Error

on_error declaresour error handler:

on_error<Action>(rule, handler)

Thiswill specify what we will do when we get an error. We will print out an error message using phoenix:

on_error<fail >

(

xm
std: : cout
<< val ("Error! Expecting ")
<< 4 /1 what failed?
<< val (" here: \"")
<< construct<std::string>(_3, _2) /l iterators to error-pos, end
<< wval ("\"")
<< std::endl

we chooseto f ai | in our example for the Act i on: Quit and fail. Return ano_match (false). It can be one of:

Acti on
fail
retry
accept

rethrow

Description

Quit and fail. Return ano_match.

Attempt error recovery, possibly moving the iterator position.
Force success, moving the iterator position appropriately.

Rethrows the error.

rul e isthe rule to which the handler is attached. In our case, we are attaching to the xm rule.

handl er isthe actual error handling function. It expects 4 arguments:

Arg

first

last
€rror-pos

what

Description

The position of the iterator when the rule with the handler was
entered.

The end of input.
The actual position of the iterator where the error occured.

What failed: a string describing the failure.

Expectation Points

You might not have noticed it, but some of our expressions changed from using the >> to >. Look, for example:

render
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end_tag =
ll</|l

> lit(_rl)

> !

What is it? It's the expectation operator. You will have some "deterministic points' in the grammar. Those are the places where
backtracking cannot occur. For our example above, when you get a" </ ", you definitely must see a valid end-tag label next. It
should be the one you got from the start-tag. After that, you definitely must havea' >' next. Otherwise, thereisno point in proceeding
and trying other branches, regardless where they are. The input is definitely erroneous. When this happens, an expectation failure
exception is thrown. Somewhere outward, the error handler will catch the exception.

Try building the parser: ../../example/gi/mini_xml3.cpp. You can find some examples in: ../../example/gi/mini_xml_samples for
testing purposes. "4.toyxml" has an error iniit:

<f oo><bar ></ f 00></ bar >

Running the example with this gives you:

Error! Expecting "bar" here: "foo></bar>"
Error! Expecting end_tag here: "<bar></foo></bar>"

Quick Reference
This quick reference section is provided for convenience. You can use this section as a sort of a" cheat-sheet” on the most commonly

used Qi components. It is not intended to be complete, but should give you an easy way to recall a particular component without
having to dig up on pages and pages of reference documentation.

Common Notation

Notation

P Parser type

p, a, b, c Parser abjects

A B C Attribute types of parsersa, b and ¢

I Theiterator type used for parsing

Unused Anunused_t ype

Cont ext The enclosing rule's Cont ext type

attrib An attribute value

Attrib An attribute type

b A boolean expression

fp A (lazy parser) function with signature P( Unused, Cont ext)
fa A (semantic action) function with signaturevoi d(Attri b, Context, bool &) . Thethird

parameter is a boolean flag that can be set to false to force the parse to fail. Both Cont ext
and the boolean flag are optional.
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first

| ast

Ch

ch

ch2

char set
str

Str

t upl e<>
vect or <>
vari ant <>

opti onal <>

An iterator pointing to the start of input

An iterator pointing to the end of input

Character-class specific character type (See Character Class Types)
Character-class specific character (See Character Class Types)
Character-class specific character (See Character Class Types)
Character-set specifier string (example: "a-z0-9")

Character-class specific string (See Character Class Types)
Attribute of st r: st d: : basi ¢_st ri ng<T> where T isthe underlying character type of st r
Used as a placeholder for afusion sequence

Used as a placeholder for an STL container

Used as a placeholder for a boost::variant

Used as a placeholder for a boost::optional
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Qi Parsers

Character Parsers
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Expression
ch

lit(ch)
char _
char _(ch)
char _("c")

char_(ch, ch2)

char_(charset)

al num

al pha

bl ank

cntrl

digit

gr aph

print

punct

space

xdi gi t

Attribute
Unused
Unused

Ch

Ch
Ch
Ch

Q

Q

Description

Matchesch

Matchesch

Matches any character

Matchesch

Matches asingle char string literal, ¢

Matches arange of charsfrom ch toch2
(inclusive)

Matches a character set char set

Matches acharacter based on the equival-
ent of std::isalnum in the current
character set

Matches acharacter based on the equival-
ent of std::isal pha in the current
character set

Matches acharacter based on the equival-
ent of std::ishlank in the current
character set

Matches acharacter based on the equival-
ent of std::iscntrl in the current
character set

Matches a character based on the equival-
ent of std::isdigit in the current
character set

Matches acharacter based on the equival-
ent of std::isgraph in the current
character set

Matches acharacter based on the equival-
ent of std::isprint in the current
character set

Matches acharacter based on the equival-
ent of std::ispunct in the current
character set

Matches acharacter based on the equival-
ent of std::isspace in the current
character set

Matches acharacter based on the equival-
ent of std::isxdigit in the current
character set
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Expression Attribute Description

| ower Ch Matches acharacter based on the equival-
ent of std::islower in the current
character set

upper Ch Matches acharacter based on the equival-
ent of std::isupper in the current
character set
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Numeric Parsers
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Expression

float _

float _(num

doubl e_

doubl e_(num

| ong_doubl e

| ong_doubl e( num

bin

oct

hex

ushort _

ushort _(num

ul ong_

ul ong_(num

uint _

uint_(num

ul ong_|I ong

ul ong_Il ong(num

short _

short _(num

| ong_

Attribute

fl oat

fl oat

doubl e

doubl e

| ong doubl e

| ong doubl e

unsi gned

unsi gned

unsi gned

unsi gned short

unsi gned short

unsi gned | ong

unsi gned | ong

unsi gned int

unsi gned int

unsi gned | ong | ong

unsi gned | ong | ong

short

short

| ong

Description

Parse a floating point number into a
fl oat

Parse a floating point number into a
f1 oat, a number is matched only if it's

num

Parse a floating point number into a
doubl e

Parse a floating point number into a
doubl e, anumber is matched only if it's

num

Parse afloating point number intoal ong
doubl e

Parse afloating point number intoal ong
doubl e, anumber is matched only if it's
num

Parse a binary integer into an unsi gned

Parse an octal integer into an unsi gned

Parse a hexadecimal integer into an un-
si gned

Parse an unsigned short integer

Parse an unsigned short integer, anumber
ismatched only if it'snum

Parse an unsigned long integer

Parse an unsigned long integer, a number
is matched only if it'snum

Parse an unsigned int

Parse an unsigned int, a number is
matched only if it'snum

Parse an unsigned long long

Parse an unsigned long long, anumber is
matched only if it's num

Parse a short integer

Parse ashort integer, anumber ismatched
only if it'snum

Parse along integer
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Expression

| ong_(num

int_

int_(num

| ong_| ong

| ong_l ong( num

String Parsers

Expression
str
lit(str)

string(str)

synbol s<>

sym add
(str1, vall)
(str2, val2)

/*...nore...*/

sym

Attribute

| ong

i nt

| ong | ong

| ong | ong

Attribute
Unused
Unused
Str

N/A

N/A

Description

Parse along integer, anumber is matched
only if it'snum

Parse an int

Parse an int, a number is matched only if
it'snum

Parse along long

Parse a long long, a number is matched
only if it'snum

Description
Matchesst r
Matches st r
Matchesst r

Declare a symbol table, sym Ch is the
underlying char type of the symbol table
keys. T is the data type associated with
each key.

Add symbols into a symbol table, sym
vall and val2 are optional data of typeT,
the data type associated with each key.

Matches entriesin the symbol table, sym
If successful, returns the data associated
with the key

70

httpo://www.renderx.com/


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

Spirit 2.5.2

Auxiliary Parsers

Expression

eol

eoi
eps
eps(b)

lazy(fp)

fp

attr(attrib)

Binary Parsers

Expression

byte_

wor d

bi g_word

little word

dwor d

bi g_dword

little_dword

gwor d

bi g_gword

little_gword

Attribute

Unused

Unused
Unused
Unused

Attribute of P where P is the return type
of fp

seel azy(fp) above

Attrib

Attribute

8 bits native endian

16 bits native endian

16 bits big endian

16 bits little endian

32 bits native endian

32 bitsbig endian

32 hitslittle endian

64 bits native endian

64 bitsbig endian

64 bitslittle endian

Description

Matches the end of line (\r or \n or
\r\n)

Matches the end of input (first == last)
Match an empty string
If b istrue, match an empty string

Invokef p at parsetime, returning aparser
p which isthen called to parse.

Equivaentto! azy(f p)
Doesn't consume/parse any input, but ex-

poses the argument at t ri b asits attrib-
ute.

Description

Matches an 8 bit binary in native endian
representation

Matches a 16 bit binary in native endian
representation

Matches a 16 bit binary in big endian
representation

Matches a 16 bit binary in little endian
representation

Matches a 32 bit binary in native endian
representation

Matches a 32 bit binary in big endian
representation

Matches a 32 bit binary in little endian
representation

Matches a 64 bit binary in native endian
representation

Matches a 64 bit binary in big endian
representation

Matches a 64 bit binary in little endian
representation
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Auto Parsers

See here for more information about Auto Parsers.

Expression

auto_

Parser Directives

Expression

| exeme[ a]

no_ski p[ a]

no_case[ a]
omt[al

mat ches|[ a]

as<T>[] () [a]

as_string[][a]

as_wstring[][a]

rawf aj

repeat [ a]
repeat (N) [ a]
repeat (N, M| a]
repeat (N, inf)[a]

ski p[ a]

skip(p)[a]

Attribute

hol d_any

Attribute

A

Unused

bool

boost: :iterator_range<|>

vect or <A>
vect or <A>
vect or <A>
vect or <A>

A

Description
Parse input using a parser created from

the supplied attribute type using thecr e-
at e_par ser API function.

Description

Disable skip parsing for a, does pre-skip-
ping

Disable skip parsing for a, no pre-skip-
ping

Inhibits case-sensitivity for a
Ignores the attribute type of a

Return if the embedded parser a matched
itsinput

Force atomic assignment for arbitrary at-
tribute types

Force atomic assignment for string attrib-
utes

Force atomi c assignment for wide charac-
ter string attributes

Presentsthetransduction of a asan iterat-
or range

Repeat a zero or more times
Repeat a Ntimes

Repeat a N to Mtimes
Repeat a N or more times

Re-establish the skipper that got inhibited
by lexeme or no_skip.

Use p as askipper for parsing a

render
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Parser Operators

Expression

la

*a

+a

o}]
(o

a %b

a™b

Parser Semantic Actions

Expression

plfal

Attribute

Unused

Unused

opti onal <A>
vect or <A>
vect or <A>
vari ant <A, B>
tupl e<A, B>

tupl e<A, B>

A

tupl e< opti onal <A>, opti onal <B>
>

vect or <A>
t upl e< opti onal <A>, opti onal <B>

>

Attribute

Attribute of p

Compound Attribute Rules

Notation

The notation we will use will be of the form:

a:. A b: B,

--> conposi te-expression: conposite-attribute

Description

Not predicate. If the predicate a matches,
fail. Otherwise, return a zero length
match.

And predicate. If the predicate a matches,
return a zero length match. Otherwise,
fail.

Optional. Parse a zero or one time
Kleene. Parse a zero or more times

Plus. Parse a one or more times
Alternative. Parsea or b

Sequence. Parse a followed by b

Expect. Parsea followed by b. b isexpec-
ted to match when a matches, otherwise,
anexpect ation_fail ureisthrown.

Difference. Parse a but not b

Sequential Or. Parsea or b or a followed
by b

List. Parse a delimited b one or more
times

Permutation. Parse a or b or a followed
by b or b followed by a.

Description

Call semantic action, f a if p succeeds.

a, b, etc. are the operands. A, B, etc. are the operand's attribute types. conposi t e- expr essi on isthe expression involving the op-
erands and conposi t e- at t ri but e isthe resulting attribute type of the composite expression.

For instance:
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a: A b: B-->(a >>hb): tuple<A B>

reads as. given, a and b are parsers, and A is the type of the attribute of a, and B is the type of the attribute of b, then the type of the
attribute of a >> b will bet upl e<A, B>.

2 I mportant
In the attribute tables, we will usevect or <A> and t upl e<A, B. .. > asplaceholdersonly. The notation of vec-
t or <A> standsfor any STL container holding elements of type A and the notationt upl e<A, B. .. > standsfor any
Boost.Fusion sequence holding A, B, ... etc. elements. Finally, Unused stands for unused_t ype.
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Compound Parser Attribute Types
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Expression

Sequence (a >> b)

Expect (a > b)

Alternative(a | b)

Difference(a - b)

Kleene (*a)

Plus (+a)

List (a % b)

repeat(...,...)[a]

Attribute

a: A b B-->(a >> b): tuple<A B>

a: A b: Unused --> (a >> b): A

a: Unused, b: B--> (a >>b): B

a: Unused, b: Unused --> (a >> b): Unused

a: A b: A-->(a >>b): vector<A>

a: vector<A> b: A--> (a >> b): vector<A>
a: A b: vector<A> --> (a >> b): vector<A>
a: vector<A>, b: vector<A> --> (a >> b): vecl
tor <A>

A b: B-->(a > b): tuple<A B>

A b: Unused --> (a > b): A

Unused, b: B-->(a >h): B

Unused, b: Unused --> (a > b): Unused

a: A b: A-->(a > b): vector<A>

a: vector<A> b: A--> (a > bh): vector<A>

a: A b: vector<A> --> (a > b): vector<A>

a: vector<A>, bh: vector<A> --> (a > b): vecl
t or <A>

A b: B-->(a| b): variant<A B>

A b: Unused --> (a | b): optional <A>

A b: B c¢: Unused -->(a | b | ¢): optionO
al <variant<A, B> >

a: Unused, b: B --> (a | b): optional <B>

a: Unused, b: Unused --> (a | b): Unused

a A b A-->(a| b): A

a.
a.
a.

a A b: B-->(a- b): A
a: Unused, b: B-->(a - b): Unused

a: A --> *a. vector<A>
a: Unused --> *a: Unused

a: A --> +a:. vector<A>
a:. Unused --> +a: Unused

a: A b: B-->(a %b): vector<A>
a: Unused, b: B --> (a %b): Unused

a A-->repeat(...,...)[a]: vector<A>
a: Unused --> repeat(...,...)[a]: Unused

render
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Expression Attribute

Sequential Or (a || b) a: A b: B-->(a|| b): tuple<optional <A> opQO

tional <B> >

a: A b: Unused --> (a || b): optional <A>
a: Unused, b: B--> (a || b): optional <B>
a: Unused, b: Unused --> (a || b): Unused
a: A b: A-->(a || b): vector<optional <A> >

Optiond (- 2) a: A -->-a: optional <A>
a:. Unused --> -a: Unused

&a a: A --> & Unused

I'b a: A -->la: Unused

i N
Permuitation (a b) a: A b: B-->(a” b): tuple<optional <A> opQO

tional <B> >

a: A b: Unused --> (a ~ b): optional <A>
a: Unused, b: B --> (a ™ b): optional <B>
a: Unused, b: Unused --> (a ” b): Unused

Nonterminals

Notation

RT Synthesized attribute. The rule or grammar's return type.

Argl, Arg2, ArgN Inherited attributes. Zero or more arguments.

L1,L2,LN Zero or more local variables.

r, r2 Rules

g A grammar

p A parser expression

my_gr ammar A user defined grammar

Terminology

Signature RT(Argl, Arg2 ... ,ArgN). The signature specifies the synthesized (return value) and inherited (arguments)
attributes.

Locals | ocal s<L1, L2 ..., LN>. Thelocd variables.

Skipper The skip-parser type

Template Arguments

I terator The iterator type you will use for parsing.
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Al, A2, A3 Can be one of 1) Signature 2) Locals 3) Skipper.

Expression

rule<lterator, Al, A2, A3> r(nane);

rule<lterator, Al, A2, A3> r(r2);
r =r2;

r.alias()

r.copy()

r. name( nane)
r. name()

debug(r)

tenpl ate <typenane |terator>
struct ny_grammar : grammar<|teratO
or, Al, A2, A3>

{
my_granmar () : my_grand
mar : : base_type(start, nane)

{
/1 Rule definitions

start =/* ... *[;

}

rule<lterator, Al, A2, A3> start;
/1l nmore rule declarations...

g. harme( nane)

g. nanme()

Parser Semantic Actions
Has the form:
p[f]

wheref isafunction with the signatures:

Description

Rule declaration. | t er at or isrequired. AL, A2, A3 areop-
tional and can be specified in any order. name is an optional
string that givesthe ruleits name, useful for debugging and error
handling.

Copy construct ruler fromruler 2.

Assignruler2tor.

return an alias of r . The aliasis a parser that holds a reference
tor . Reference semantics.

Get acopy of r.

Naming arule

Getting the name of arule

Debug ruler

Rule definition

Auto-rule definition. The attribute of p should be compatible
with the synthesized attribute of r . When p is successful, its at-

tribute is automatically propagated to r 's synthesized attribute.

Grammar definition. nane is an optional string that gives the
grammar its name, useful for debugging and error handling.

Naming a grammar

Getting the name of a grammar
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void f(Attrib const&);
void f(Attrib const& Contexté&);
void f(Attrib const& Contexté& bool &);

You can use Boost.Bind to bind member functions. For function objects, the allowed signatures are:

void operator()(Attrib const&, unused_type, unused_type) const;
void operator()(Attrib consté& Context& unused_type) const;
void operator()(Attrib consté& Contexté&, bool & const;

Theunused_t ype isused in the signatures above to signify ‘don't care'.

For more detailed information about semantic actions see: here.

Phoenix

Boost.Phoenix makesit easier to attach semantic actions. You just inline your lambda expressions:
p[ phoeni x- | anbda- expr essi on]

Spirit.Qi provides some Boost.Phoenix placeholders to important information from the At t ri b and Cont ext that are otherwise
fiddly to extract.

Spirit.Qi specific Phoenix placeholders

1, 2..., N Nth attribute of p

_val The enclosing rule's synthesized attribute.

rl, _r2... , _rN The enclosing rule's Nth inherited attribute.

a, _b... , j The enclosing rule's local variables (_a refersto thefirst).
_pass Assignf al se to _pass to force aparser failure.

2 I mportant
All placeholders mentioned above are defined in the namespace boost : : spi rit and, for your convenience, are
available in the namespace boost : : spirit:: gi aswell.

For more detailed information about semantic actions see; here.

Reference

Parser Concepts

Spirit.Qi parsers fall into a couple of generalized concepts. The Parser is the most fundamental concept. All Spirit.Qi parsers are
models of the Parser concept. PrimitiveParser, UnaryParser, BinaryParser, NaryParser, and Nonterminal are all refinements of
the Parser concept.

The following sections provide details on these concepts.
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Parser
Description

The Parser is the most fundamental concept. A Parser has a member function, par se, that accepts afirst-last For war dl t er at or
pair and returns bool as its result. The iterators delimit the data being parsed. The Parser's par se member function returnst r ue if
the parse succeeds, in which case thefirst iterator is advanced accordingly. Each Parser can represent a specific pattern or algorithm,
or it can be amore complex parser formed as a composition of other Parsers.

Notation

p A Par ser.

P A Par ser type.

Iter aForwardl terator type.

il Forwar dl t er at or . first/last iterator pair.

Context  The parser's Context type.

cont ext The parser's Context, or unused.
skip A skip Parser, or unused.

attrib A Compatible Attribute, or unused.
Valid Expressions

In the expressions bel ow, the behavior of the parser, p, and how ski p andat t ri b are handled by p, are left unspecified in the base
Par ser concept. These are specified in subsequent, more refined concepts and by the actual models thereof.

For any Parser the following expressions must be valid:

Expression Semantics Return type

Match the input sequence starting from  bool

. fol, O i i
p. par se( con f. Return t r ue if successful, otherwise

text, skip, attr)

returnf al se.
p. what (cont ext) Get information about a Parser. info
Type Expressions

Expression Description

P::tenmplate attribute<Context, Iter>::type The Parser's expected attribute.

traits::is_parser<P>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,
P is a Parser, npl : : f al se_ otherwise (See MPL Boolean
Constant).

Postcondition
Upon return from p. par se the following post conditions should hold:

* On asuccessful match, f is positioned one past the last matching character/token.
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On afailed match, if aski p parser isunused, f isrestored to its original position prior to entry.

On afailed match, if aski p parser isnot unused, f ispositioned one past the last character/token matching ski p.

On afailed match, at t ri b stateis undefined.
» No post-skips: trailing ski p characters/tokens will not be skipped.
Models
All parsersin Spirit.Qi are models of the Parser concept.
PrimitiveParser
Description
PrimitiveParser is the most basic building block that the client uses to build more complex parsers.
Refinement of
Par ser
Pre-skip

Upon entry to the par se member function, a PrimitiveParser is required to do a pre-skip. Leading ski p characters/tokens will be
skipped prior to parsing. Only PrimitiveParsers are required to perform this pre-skip. Thisistypically carried out through a call to
gi : :skip_over:

gi ::skip_over(f, I, skip);

Type Expressions

Expression Description
traits::is_primtive parser<P>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,

P, is a PrimitiveParser, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Models

e attr(attrib)
* eoi

e eol

* eps

* synbol s<>
UnaryParser
Description

UnaryParser isacomposite parser that has a single subject. The UnaryParser may change the behavior of its subject following the
Delegate Design Pattern.

Refinement of

Par ser
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Notation

p A UnaryParser.

P A UnaryParser type.
Valid Expressions

In addition to the requirements defined in Par ser , for any UnaryParser the following must be met:

Expression Semantics Return type
p. subj ect Subject parser. Par ser

Type Expressions

Expression Description
P: : subj ect _t ype The subject parser type.
traits::is_unary_parser<P>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,
PisaUnaryParser, npl : : f al se_ otherwise (See MPL Boolean
Constant).
Invariants

For any UnaryParser, P, the following invariant always holds:
e traits::is_parser<P::subject_type>: :type evauaestonpl ::true_
Models

» And Predicate

* Kleene

* | exene

* Not Predicate

e omt

* Plus

* raw

* repeat

e skip

BinaryParser

Description

BinaryParser is a composite parser that has atwo subjects, | eft and ri ght . The BinaryParser allows its subjects to be treated in
the same way as a single instance of aPar ser following the Composite Design Pattern.

Refinement of

Par ser
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Notation

p A BinaryParser.

P A BinaryParser type.
Valid Expressions

In addition to the requirements defined in Par ser , for any BinaryParser the following must be met:

Expression Semantics Return type
p.left L eft parser. Par ser
p. right Right parser. Par ser

Type Expressions

Expression Description
P::left_type The left parser type.
P::right_type Theright parser type.
traits::is_binary_parser<P>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,
PisaBinaryParser,npl : : f al se_ otherwise (SeeMPL Boolean
Constant).
Invariants

For any BinaryParser, P, the following invariants always hold:

e traits::is_parser<P::left_type>::type evauatestonpl::true_
e traits::is_parser<P::right_type>::type evauatestonpl ::true_
Models

+ Difference

o List

NaryParser

Description

NaryParser is acomposite parser that has one or more subjects. The NaryParser allows its subjects to be treated in the same way as
asingleinstance of aPar ser following the Composite Design Pattern.

Refinement of

Par ser
Notation

p A NaryParser.

P A NaryParser type.
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Valid Expressions

In addition to the requirements defined in Par ser , for any NaryParser the following must be met:

Expression Semantics Return type
p. el ement s The tuple of elements. A Boost.Fusion Sequence of Parser
types.

Type Expressions

Expression Description
p. el ements_t ype Elements tuple type.
traits::is_nary_parser<P>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,
PisaNaryParser, npl : : f al se_ otherwise (See MPL Boolean
Constant).
Invariants

For each element, E, in any NaryParser, P, the following invariant always holds:
e traits::is_parser<bE>: :type evauatestonpl ::true_

Models

* Alternative

* Expect

* Permutation

* Sequence

» Sequential Or

Nonterminal

Description

A Nonterminal is a symbol in a Parsing Expression Grammar production that represents a grammar fragment. Nonterminals may
self referenceto specify recursion. Thisisone of the most important concepts and the reason behind the word "recursive” in recursive
descent parsing.

Refinement of
Par ser
Signature

Nonterminals can have both synthesized and inherited attributes. The Nonterminal's Sgnature specifies both the synthesized and
inherited attributes. The specification uses the function declarator syntax:

RT(AO, Al, A2, ..., AN

where RT isthe Nonterminal's synthesized attribute and A0 ... AN are the Nonterminal's inherited attributes.
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Attributes

The Nonterminal models a C++ function. The Nonterminal's synthesized attribute is analogous to the function return value and its
inherited attributes are analogous to function arguments. The inherited attributes (arguments) can be passed in just like any Lazy
Argument, e.g.:

r(expr) // Evaluate expr at parse tinme and pass the result to the Nonterm nal r

_val

Theboost: :spirit::qgi::_val placeholder can be used in Phoenix semantic actions anywhere in the Nonterminal's definition.
This Phoenix placeholder refers to the Nonterminal's (synthesized) attribute. The _val placeholder acts like a mutable referenceto
the Nonterminal's attribute.

S Note
Starting with Spirit V2.5 (distributed with Boost VV1.47) the placeholder _val can be used in semantic actions attached
to top level parser components as well. See The Parse API for more information.

r1..r10

The boost::spirit::_r1 ..boost::spirit::r10 placeholders can be used in Phoenix semantic actions anywhere in the
Nonterminal's definition. These Phoenix placeholders refer to the Nonterminal's inherited attributes.

Locals

Nonterminals can have local variables that will be created on the stack at parse time. A locals descriptor added to the Nonterminal
declaration will give the Nonterminal local variables:

tenpl ate <typenane TO, typenane T1l, typenane T2, ..., typenane TN>
struct |ocals;

where TO ... TN are the types of local variables accessible in your Phoenix semantic actions using the placehol ders:
* boost::spirit::_a
* boost::spirit::_b
* boost::spirit::_c
* boost::spirit::_d
* boost::spirit::_e
* boost::spirit::_f
* boost::spirit::_g
* boost::spirit::_h
* boost::spirit::_i
* boost::spirit::_j

which correspond to the Nonterminal's local variables TO ... T9.
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Notation

X A Nontermina

X A Nonterminal type

argl,arg2,..,argN Lazy Arguments that evaluate to each of the Nonterminal's inherited attributes.

Valid Expressions

In addition to the requirements defined in Par ser , for any Nonterminal the following must be met:

Expression Semantics Return type
X Inaparser expression, invoke Nontermin- X

a x
x(argl, arg2, ..., argN Inaparser expression, invoke Nontermin- X

a r passing in inherited attributes ar g1

...argN
X. name( nane) Naming a Nonterminal. voi d
x. name() Getting the name of a Nonterminal. std::string
debug(x) Debug Nonterminal x. voi d

Type Expressions

Expression Description
X::sig_type The Signature of X: An MPL Forward Sequence. Thefirst ele-

ment isthe Nonterminal's synthesi zed attribute type and the rest
are the inherited attribute types.

X::local s_type Thelocal variables of X: An MPL Forward Sequence.

Models
e rule

+ grammar

Parser Basics

Lazy Argument

Some parsers (e.g. primitives and non-terminals) may take in additional attributes. Such parsers take the form:
p(al, a2,..., aN)

where p is aparser. Each of the arguments (al ... aN) can either be an immediate value, or afunction, f , with signature:
T f(Unused, Context)

where T, the function's return value, is compatible with the argument type expected and Cont ext isthe parser's Context type (The
first argument isunused to make the Cont ext the second argument. Thisis done for uniformity with Semantic Actions).
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Character Encoding Namespace

Some parsers need to know which character set achar orwchar _t isoperating on. For example, theal numparser works differently
with 1S08859.1 and ASCII encodings. Where necessary, Spirit encodes (tags) the parser with the character set.

We have a namespace for each character set Spirit will be supporting. That includes asci i , i s08859_1, st andar d and st and-
ard_wi de (and in the future, uni code). In each of the character encoding namespaces, we place tagged versions of parsers such
asal num space €tc.

Example:
usi ng boost::spirit::ascii::space; // use the ASCI| space parser

Namespaces:

* boost::spirit::ascii

boost::spirit::iso8859 1

* boost::spirit::standard

* boost::spirit::standard_wide

For ease of use, the components in this namespaces are also brought into the gi sub-namespaces with the same names:
* boost::spirit::qi::ascii

* boost::spirit::qi::iso8859 1

* boost::spirit::qi::standard

* boost::spirit::qi::standard_wide

Examples

All sectionsin the reference present some real world examples. The examples use acommon test harness to keep the example code
as minimal and direct to the point as possible. The test harnessis presented below.

Some includes:

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/qi.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/ adapt_struct. hpp>

#i ncl ude <boost/assert. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <cstdlib>

Our test functions:

These functions test the parsers without attributes.
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tenpl ate <typenane P>
voi d test_parser(
char const* input, P const& p, bool full_match = true)

{
usi ng boost::spirit::qi::parse;
char const* f(input);
char const* | (f + strlen(f));
if (parse(f, |, p) & (!full_match || (f ==1)))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

tenpl ate <typenane P>
voi d test _phrase_parser(
char const* input, P const& p, bool full_match = true)

{
usi ng boost::spirit::qi::phrase_parse;
using boost::spirit::qi::ascii::space;
char const* f(input);
char const* | (f + strlen(f));
if (phrase_parse(f, |, p, space) && (!full_match || (f ==1)))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

These functions test the parsers with user supplied attributes.

tenpl ate <typenane P, typenanme T>
void test_parser_attr(
char const* input, P const& p, T& attr, bool full_match = true)

{
usi ng boost::spirit::qi::parse;
char const* f(input);
char const* | (f + strlen(f));
if (parse(f, |, p, attr) && (!full_mtch || (f ==1)))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

tenpl ate <typenane P, typenanme T>
voi d test_phrase_parser_attr(
char const* input, P const& p, T& attr, bool full_match = true)

{
usi ng boost::spirit::qi::phrase_parse;
usi ng boost::spirit::qi::ascii::space;
char const* f(input);
char const* | (f + strlen(f));
if (phrase_parse(f, |, p, space, attr) && (!full_match || (f ==1)))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

Thepri nt _i nf o utility function prints information contained in thei nf o class.
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struct printer

typedef boost::spirit::utf8_string string;

voi d el enent(string const& tag,

for (int i =
std::cout << '

0; i < (depth*4); ++i) [/

std::cout << "tag: " << tag;
if (value '="")
std::cout << ", value: " << value;

std::cout << std::endl;

string const& value, int depth) const

i ndent to depth

void print_info(boost::spirit::info const& what)

usi ng boost::spirit::basic_info_wal ker;

printer pr;

basi c_i nf o_wal ker <pri nter> wal ker (pr,

boost: : apply_visitor(wal ker, what.val ue);

{
{
}
I
{
}
String
Header

what .tag, 0);

/1 forwards to <boost/spirit/hone/support/string_traits.hpp>
#i ncl ude <boost/spirit/support_string traits. hpp>

A string can be any object s, of type, S, that satisfies the following expression traits:

Expression

boost::spirit::

boost::spirit::

boost::spirit::

boost::spirit::

boost::spirit::
Models

traits

traits::

traits:

traits::

traits::

Predefined models include:

piis_string<s>

char _type_of <S>

sget_c_string(s)

get _begi n(s)

get _end(s)

» any litera string, e.g. "Hello, World",

 apointer/reference to anull-terminated array of characters

Semantics
Metafunction that evaluates to npl : : t rue_ if a certain type,
S is a string, npl : : fal se_ otherwise (See MPL Boolean
Constant).

Metafunction that returns the underlying char type of a string
type, S.

Function that returns the underlying raw C-string from s.

Function that returns an STL iterator from s that points to the
beginning the string.

Function that returns an STL iterator from s that points to the
end of the string.
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e astd::basic_string<Char>

The namespace boost : : spirit::traits isopenforusersto provide their own specializations. The customization pointsimple-
mented by Spirit.Qi usable to customize the behavior of parsers are described in the section Customization of Attribute Handling.

Parser API

Iterator Based Parser API
Description
Thelibrary provides acouple of free functionsto make parsing a snap. These parser functions have two forms. Thefirst form par se

works on the character level. The second phr ase_par se works on the phrase level and requires skip parser. Both versions can take
in attributes by reference that will hold the parsed values on a successful parse.

Header

/1l forwards to <boost/spirit/hone/qi/parse. hpp>
#i ncl ude <boost/spirit/include/gi _parse. hpp>

For variadic attributes:

/'l forwards to <boost/spirit/hone/qi/parse_attr.hpp>
#i ncl ude <boost/spirit/include/qi_parse_attr. hpp>

The variadic attributes version of the API allows one or more attributes to be passed into the parse functions. The functions taking
two or more are usable when the parser expression is a Sequence only. In this case each of the attributes passed have to match the
corresponding part of the sequence.

For the API functions deducing the correct (matching) parser type from the supplied attribute type:

/'l forwards to <boost/spirit/hone/qi/detail/parse_auto. hpp>
#i ncl ude <boost/spirit/include/qi_parse_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::qgi::parse
boost::spirit::qgi::phrase_parse
boost::spirit::qi::skip_flag::postskip

boost::spirit::qi::skip_flag::dont_postskip
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Synopsis

namespace boost { nanmespace spirit { nanespace qi
{
tenpl ate <typenane Iterator, typename Expr>
i nline bool
par se(
Iterator& first
, lterator |ast
, Expr consté& expr);

tenpl ate <typenane Iterator, typename Expr

, typename Attrl, typenanme Attr2, ..., typenane AttrN>
inline bool
par se(

Iterator& first

, lterator |ast

, Expr consté& expr

, Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);

tenpl ate <typenane lterator, typename Expr, typenanme Ski pper>
inline bool
phrase_parse(
Iterator& first

, lterator |ast

, Expr consté& expr

, Ski pper const & ski pper

, BOOST_SCOPED_ENUM ski p_flag) post_skip = skip_flag:: postskip);

tenpl ate <typenane Iterator, typename Expr, typenane Ski pper

, typename Attrl, typenanme Attr2, ..., typenane AttrN>
inline bool
phrase_parse(

Iterator& first

, lterator |ast

, Expr consté& expr

, Ski pper const & ski pper

, Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);

tenpl ate <typenane Iterator, typename Expr, typenane Ski pper

, typename Attrl, typenanme Attr2, ..., typenanme AttrN>
inline bool
phrase_parse(

Iterator& first

, lterator |ast

, Expr consté& expr

, Ski pper const & ski pper

, BOOST_SCOPED_ENUM ski p_fl ag) post_skip

, Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);

11}

E I Note
Starting with Spirit V2.5 (distributed with Boost VV1.47) the placeholder _val can be used in semantic actions attached

totop level parser components. Inthiscase_val refersto the supplied attribute asawhole. For API functionstaking

more than one attribute argument _val will refer to a Fusion vector or references to the attributes.

Soirit.Qi parser API functions based on the automatic creation of the matching parser type:
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nanespace boost { nanmespace spirit { nanespace qi

{

tenpl ate <typenane Iterator, typenane Attr>
i nline bool
par se(

Iterator& first

Iterator |ast

Attr& attr);

tenpl ate <typenane lterator, typenane Attr, typenane Ski pper>
inline bool
phrase_parse(

Iterator& first

Iterator |ast

Attr& attr

Ski pper const & ski pper

BOOST_SCOPED _ENUM ski p_fl ag) post_skip = skip_flag:: postskip);

138

All functions above returnt r ue if none of the involved parser components failed, and f al se otherwise.

The maximum number of supported argumentsis limited by the preprocessor constant SPI RI T_ARGUMENTS_LI M T. This constant
defaults to the value defined by the preprocessor constant PHOENI X_LI M T (which in turn defaultsto 10).

S Note
The variadic functions with two or more attributes internally combine references to all passed attributesinto af u-
si on: : vect or and forward this as a combined attribute to the corresponding one attribute function.

Thephr ase_par se functionsnot taking an explicit ski p_f | ag asone of their argumentsinvoke the passed skipper after asuccessful
match of the parser expression. This can be inhibited by using the other versions of that function while passing
ski p_fl ag: : dont _post ski p to the corresponding argument.

Parameter Description

I terator Forwar dl t er at or pointing to the source to parse.

Expr An expression that can be converted to a Qi parser.

Ski pper Parser used to skip white spaces.

Attr An attribute type utilized to create the corresponding parser type
from.

Attrl,Attr2, .., AttrN One or more attributes.

Stream Based Parser API

Description

Thelibrary provides acouple of Standard 10 Manipulators allowing to integrate Spirit.Qi input parsing facilities with Standard input
streams. These parser manipulators have two forms. Thefirst form, mat ch, workson the character level. The second phr ase_mat ch
works on the phrase level and requires a skip parser. Both versions can take in attributes by reference that will hold the parsed values
on a successful parse.
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Header

/1 forwards to <boost/spirit/home/qi/stream match_nani p. hpp>
#i ncl ude <boost/spirit/include/qi _match. hpp>

For variadic attributes:

/'l forwards to <boost/spirit/hone/qi/strean natch_mani p_attr. hpp>
#i ncl ude <boost/spirit/include/qi _match_attr. hpp>

The variadic attributes version of the API allows one or more attributes to be passed into the parse manipulators. The manipulators
taking two or more attributes are usable when the parser expression is a Sequence only. In this case each of the attributes passed
have to match the corresponding part of the sequence.

For the API functions deducing the correct (matching) parser type from the supplied attribute type:

/'l forwards to <boost/spirit/hone/qi/natch_auto. hpp>
#i ncl ude <boost/spirit/include/qi _nmatch_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::qgi::mtch

boost: :spirit::qi::phrase_match
boost::spirit::qi::skip_flag::postskip

boost::spirit::qi::skip_flag::dont_postskip
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Synopsis

namespace boost { nanmespace spirit { nanespace qi

{
tenpl ate <typenane Expr>
i nline <unspecified>
mat ch(
Expr const & xpr);
tenpl ate <typenane Expr
typename Attrl, typename Attr2, ..., typenane AttrN>
i nline <unspecified>
mat ch(
Expr const & xpr
Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);
tenpl ate <typename Expr, typename Skipper>
i nline <unspecified>
phrase_mat ch(
Expr const & expr
Ski pper consté& s
BOOST_SCOPED_ENUM ski p_fl ag) post_skip = skip_flag:: postskip);
tenpl ate <typenane Expr, typename Ski pper
typename Attrl, typename Attr2, ..., typenane AttrN>
i nline <unspecified>
phrase_mat ch(
Expr const & expr
Ski pper const& s
Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);
tenpl ate <typenane Expr, typename Ski pper
typenanme Attrl, typenanme Attr2, ..., typenane AttrN>
i nline <unspecified>
phrase_mat ch(
Expr const & expr
Ski pper const& s
BOOST_SCOPED_ENUM ski p_fl ag) post_skip
Attrl& attrl, Attr2& attr2, ..., AttrN& attrN);
11}

Soirit.Qi parser API functions based on the automatic creation of the matching parser type:

nanmespace boost { nanmespace spirit { nanespace qi

{
tenpl ate <typenane Attr>
i nline <unspecified>
mat ch(
Attré& attr);
tenpl ate <typename Attr, typenane Skipper>
i nline <unspecified>
phrase_nat ch(
Attr& attr
Ski pper consté& s
BOOST_SCOPED_ENUM ski p_fl ag) post_skip = skip_flag:: postskip);
11}

All functions above return astandard | O stream manipulator instance (see Manipulators), which when streamed from an input stream
will result in parsing the input using the embedded Spirit.Qi parser expression. Any error (or failed parse) occurring during the in-
vocation of the Suirit.Qi parsers will be reflected in the streams status flag (st d: : i os_base: : fai | bi t will be set).
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The maximum number of supported argumentsis limited by the preprocessor constant SPI RI T_ARGUMENTS_LI M T. This constant
defaults to the value defined by the preprocessor constant PHOENI X_LI M T (which in turn defaultsto 10).

S Note
The variadic manipulators with two or more attributes internally combine references to all passed attributes into a
f usi on: : vect or and forward this as a combined attribute to the corresponding manipulator taking one attribute.

The phr ase_mat ch manipulators not taking an explicit ski p_f | ag as one of their arguments invoke the passed skipper after a
successful match of the parser expression. This can be inhibited by using the other versions of that manipulator while passing
ski p_fl ag: : dont _post ski p to the corresponding argument.

Template parameters

Parameter Description

Expr An expression that can be converted to a Qi parser.

Ski pper Parser used to skip white spaces.

Attr An attribute type utilized to create the corresponding parser type
from.

Attrl,Attr2,.., AttrN One or more attributes.

API for Automatic Parser Creation

Description

The library implements a special API returning a parser instance for a supplied attribute type. This function finds the best matching
parser type for the attribute based on aset of simple matching rules (as outlined in the table below) applied recursively to the attribute
type. The returned parser can be utilized to match input for the provided attribute.

Header

/'l forwards to <boost/spirit/home/qi/auto.hpp>
#i ncl ude <boost/spirit/include/qi_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::qi::create_parser

boost::spirit::traits::create_parser_exists
Synopsis

namespace boost { nanmespace spirit { nanespace qi

{
tenpl ate <typenane Attr>
i nline <unspecified>
create_parser();

11}
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The returned instance can be directly passed as the parser (or the skipping parser) to any of the Spirit.Qi API functions. Additionally
it can be assigned to arule as the rules right hand side expression. This function will return a valid parser type only if the meta
functiontraits::create_parser_exists returnsnpl : :true_. Otherwiseit will fail compiling.

namespace boost { nanmespace spirit { nanespace traits

{

tenpl ate <typenane Attr>
struct create_parser_exists;

11}

The metafunction evaluatesto npl : : t rue_ if cr eat e_par ser would return avalid parser for the giventype Attr.

Thefollowing table outlines the mapping rules from the attribute type to the parser type. These rules are applied recursively to create
the parser type which can be used to match input for the given attribute type.

Attributetype Generator type

char,wchar _t standard: : char _, standard_wi de: : char _
short,int,long short _,int_,long_

unsi gned short,unsigned int,unsigned | ong ushort _,uint _,ul ong_

fl oat, doubl e,| ong doubl e fl oat _,doubl e_,| ong_doubl e
short,int,l ong short _,int_,long_

| ong | ong, unsi gned | ong | ong | ong_| ong, ul ong_I ong

bool bool _

Any (STL) container Kleene Star (unary ' *')

Any Fusion sequence Sequence operator (' <<')

boost : : opti onal <> Optional operator (unary ' - ')
boost : : vari ant <> Alternative operator (' | ')

2 I mportant

The mapping for the parsers| ong_| ong and ul ong_| ong are only available on platforms where the preprocessor
constant BOOST_HAS_LONG_LONGisdefined (i.e. on platforms having native support for | ong | ong andunsi gned
| ong | ong (64 bit) signed and unsigned integer types).

Template parameters

Parameter Description
Attr An attribute type utilized to create the corresponding parser type
from.
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Semantic Actions with Parsers

Description

Semantic actions may be attached to any point in the grammar specification. They allow to call afunction or function object in order
to provide the value to be output by the parser attached to the semantic action. Semantic actions are associated with a parser using
the syntax p[ ], where p is an arbitrary parser expression.

Header

/1 forwards to <boost/spirit/home/qi/action.hpp>
#i ncl ude <boost/spirit/include/qgi_action. hpp>

Also, see Include Structure.
Model of

Unar yPar ser

Notation

a,p Instances of aparser, P

A Attribute type exposed by a parser, a

fa A (semantic action) function with signature voi d( Attri b& Cont ext, bool &) . Thethird parameter is a boolean

flag that can be set to falseto force the parser to fail. Both Cont ext and the boolean flag are optional. For more inform-
ation see below.

Attrib The attribute obtained from the parse.
Context  Thetype of the parser execution context. For more information see below.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics

p[fa] If p is successful, call semantic action, f a. The function or
function object f a is provided the attribute value parsed by the
parser p, plus some more context information and a mutable
bool flag which can be used to fail parsing.

The possible signatures for functions to be used as semantic actions are:

tenpl ate <typenane Attrib>
void fa(Attrib& attr);

tenpl ate <typenane Attrib, typenane Context>
void fa(Attrib& attr, Context& context);

tenpl ate <typenane Attrib, typenane Context>
void fa(Attrib& attr, Context& context, bool & pass);

The function or function object is expected to return the value to generate output from by assigning it to the first parameter, at tr.
Here At t r i b isthe attribute type of the parser attached to the semantic action.
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Thetype Cont ext isthetype of the parser execution context. Thistypeis unspecified and depends on the context the parser isinvoked
in. The value, cont ext used by semantic actions written using Phoenix to access various context dependent attributes and values.
For more information about Phoenix placeholder expressions usable in semantic actions see Nont er i nal .

Thethird parameter, pass, can be used by the semantic action to force the associated parser to fail. If passissettof al se theaction
parser will immediately return f al se aswell, while not invoking p and not generating any output.

Attributes

Expression Attribute

a[ f a] a: A-->a[fa]l: A
Complexity

The complexity of the action parser is defined by the complexity of the parser the semantic action is attached to and the complexity
of the function or function object used as the semantic action.

Example

Examples for semantic actions can be found here: Examples of Semantic Actions.
Auto Parser

Description

This module includes the description of the aut o_ parser. This parser can be used to automatically create a parser based on the
supplied attribute type.

Header

/1l forwards to <boost/spirit/home/qi/auto.hpp>
#i ncl ude <boost/spirit/include/qgi_auto. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::auto_ // alias: boost::spirit::qi::auto_
Model of

PrimtiveParser

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .

Expression Description

auto_ Create a parser instance compatible with the supplied attribute
type and use it for input matching.
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Additional Requirements

The aut o_ parsers can be used to match input for any data type for which a mapping to a parser type is defined (the meta function
traits::create_parser_exists returnsnpl ::true_). The following table outlines the predefined mapping rules from the
attribute type to the parser type. These rules are applied recursively to create the parser type which can be used to match input for
the given attribute type.

Attributetype Par ser type

char,wchar _t standard: : char _, standard_wi de: : char _
short,int,long short _,int_,long_

unsi gned short,unsigned int,unsigned | ong ushort _,uint_,ulong_

fl oat, doubl e,| ong doubl e fl oat _,doubl e_, | ong_doubl e
| ong | ong, unsi gned | ong | ong | ong_l ong, ul ong_I ong

bool bool _

Any (STL) container Kleene Star (unary ' *')

Any Fusion sequence Sequence operator (' >>')

boost : : opti onal <> Optional operator (unary ' -')
boost : : vari ant <> Alternative operator (' | ')

It is possible to add support for any custom data type by implementing a specialization of the customization pointtraits::cre-
at e_par ser . This customization can be used also to redefined any of the predefined mappings.

Attributes
Expression Attribute
auto_ hol d_any

2 I mportant

The attribute type hol d_any exposed by the aut o_ parser is semantically and syntactically equivalent to the type
implemented by Boost.Any. It has been added to Spirit as it has better a performance and a smaller footprint if
compared to Boost.Any.

Complexity

The complexity of theaut o_ parser depends on the supplied attribute type. Each attribute type resultsin adifferent
parser type to be instantiated which defines the overall complexity.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.
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Some includes:

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/qi.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/adapt_struct. hpp>

#i ncl ude <boost/assert. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <cstdlib>

Some using declarations:
usi ng boost::spirit::qi::auto_;
And aclass definition used in the examples:

/1 a sinple conplex nunber representation z = a + bi
struct conpl ex

{
conpl ex (double a = 0.0, double b = 0.0)
a(a), b(b)
{}
doubl e a;
doubl e b;
}s
The following construct is required to alow the conpl ex data structure to be utilized as a Boost.Fusion sequence. Thisisrequired
as we will emit output for this data structure with a Spirit.Qi sequence: ' {* >> qi::double_ >> ',' >> qi::double_ >>
l }I
BOOST_FUSI ON_ADAPT _STRUCT(
conpl ex,
(doubl e, a)
(doubl e, b)

We add a specialization for the create_parser customization point defining a custom output format for the complex type. Generally,
any specialization for create_parser isexpected to return the proto expression to be used to match input for the type the customization
point has been specialized for.

We need to utilize pr ot o: : deep_copy asthe expression contains literals (the' {* ,* ,',and"' }' ) which normally get embedded
in the proto expression by reference only. The deep copy converts the proto tree to hold this by value. The deep copy operation can
be left out for simpler proto expressions (not containing references to temporaries). Alternatively you could use the
proto: : make_expr facility to build the required proto expression.
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nanmespace boost { nanespace spirit { nanespace traits

{
tenpl ate <>
struct create_parser<conpl ex>
{
typedef proto::result_of::deep_copy<
BOOST_TYPEOF('{' >> qi::double_ >>"'," >> qi::double_ >> "}")
> type type;
static type call ()
{
return proto::deep_copy(
"{'" >> qgi::double_ >>"," >> qgi::double_ >> "}");
}
b
138

Some usage examples of aut o_ parsers:

Parse a simple integer using the generated parser component i nt _:

int i = 0;
test_parser_attr("123", auto_, i);
std::cout << i << std::endl; /'l prints: 123

Parse an instance of the conpl ex datatype as defined above using the parser as generated by the defined customization point:

conpl ex c;
test_parser_attr("{1.2,2.4}", auto_, c);
std::cout << c.a << "," << c.b << std::endl; /1 prints: 1.2,2.4

Auxiliary Parsers

Thismoduleincludesdifferent auxiliary parsersnot fitting into any of the other categories. Thismoduleincludestheat t r,at t r _cast,
eoi , eol ,eps,and| azy parsers.

Module Header

/1 forwards to <boost/spirit/home/qi/auxiliary.hpp>
#i ncl ude <boost/spirit/include/qgi _auxiliary.hpp>

Also, see Include Structure.
Attribute Parser (attr)
Description

TheAttribute parser does not consume any input, for this reason it always matches an empty string and always succeeds. It's purpose
isto expose its specified parameter as an attribute.

Header

/1 forwards to <boost/spirit/home/qi/auxiliary/attr.hpp>
#i ncl ude <boost/spirit/include/qgi_attr.hpp>

Also, see Include Structure.
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Namespace

Name
boost::spirit::attr // alias: boost::spirit::qi::attr
Model of

PrimtiveParser

Notation

a A arbitrary typed constant value, e.g. 0.0, "Hello", or avariable of arbitrary type or aLazy Argument that evaluatesto an arbitrary
type.

A Thetypeof a or if it isaLazy Argument, its return type.
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri i t i vePar ser .

Expression Semantics
attr(a) Create a pseudo parser exposing the current value of a asits at-

tribute without consuming any input at parse time.
Attributes

Expression Attribute

attr(a) A

Complexity
0(1)
The complexity is constant as no input is consumed and ho matching is done.

Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

nanmespace phx = boost: : phoeni x;
usi ng boost::spirit::qi::attr;

Using at t r with literals:
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std::string str;

test_parser_attr("", attr("boost"), str);

std::cout << str << std::endl; /1 will print 'boost’
doubl e d;

test_parser_attr("", attr(1.0), d);

std::cout << d << std::endl; Il will print '1.0

Using at t r with Phoenix function objects:

d = 0.0;

double d1 = 1.2;

test_parser_attr("", attr(phx::ref(dl)), d);

std::cout << d << std::endl; /1 will print "1.2

Attribute Transformation Pseudo Parser (attr_cast)

Description

The attr_cast <Exposed, Transfornmed>() component invokes the embedded parser while supplying an attribute of type
Tr ansf or ned. The supplied attribute gets created from the original attribute (of type Exposed) passed to this component using the
customization pointtraits::transformattri bute.

Header

/'l forwards to <boost/spirit/hone/qi/auxiliary/attr_cast.hpp>
#i ncl ude <boost/spirit/include/qgi _attr_cast. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::attr_cast // alias: boost::spirit::qi::attr_cast
Synopsis

tenpl at e <Exposed, Transformed>
<unspeci fied> attr_cast (<unspecified>);

Template parameters

Parameter Description Default

Exposed The type of the attribute supplied to the unused_t ype
attr_cast.

Tr ansf or med The type of the attribute expected by the unused_t ype
embedded parser p.

Theattr_cast isafunction template. It is possible to invoke it using the following schemes:
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attr_cast(p)
attr_cast <Exposed>(p)
attr_cast <Exposed, Transforned>(p)

depending on which of the attribute types can be deduced properly if not explicitly specified.
Model of

Unar yPar ser
Notation
p A parser object.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
attr_cast(p) Create a component invoking the parser p while passing an at-

tribute of the type as normally expected by p. The type of the
supplied attribute will be transformed to the type p exposes as
its attribute type (by using the attribute customization point
traits::transformattribute).

attr_cast <Exposed>(p) Create a component invoking the parser p while passing an at-
tribute of the type as normally expected by p. The supplied at-
tribute is expected to be of the type Exposed, it will be trans-
formed to the type p exposes as its attribute type (using the at-
tributecustomizationpointtrai ts: : transform attri but e).

attr_cast <Exposed, Transfornmed>(p) Create a component invoking the parser p while passing an at-
tribute of type Tr ansf or med. The supplied attributeis expected
to be of the type Exposed, it will be transformed to the type
Transforned (using the attribute customization point
traits::transformattribute).

Attributes

Expression Attribute

attr_cast(p) p: A-->attr_cast(p): A

attr_cast <Exposed>(p) p: A --> attr_cast <Exposed>(p): Exposed

attr_cast <Exposed, Transforned>(p) p: A --> attr_cast<Exposed, Transfornmed>(p):
Exposed

Complexity

The complexity of this component is fully defined by the complexity of the embedded parser p.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
usi ng boost::spirit::qi::int_

The examplereferences datastructurei nt _dat a which needsa speciaization of the customization pointt rai ts: : t ransf or m at -
tribute:

/1 this is just a test structure we want to use in place of an int
struct int_data

{
b

int i;

/1 we provide a customattribute transformation to allow its use as an int
namespace boost { nanmespace spirit { nanespace traits

{
/1 in this case we just expose the enbedded 'int' as the attribute instance
/'l to use, allowing to | eave the function 'post()' enpty
tenmpl ate <>
struct transformattribute<int_data, int, qi::domain>
{
typedef int& type;
static int& pre(int_data& d) { return d.i; }
static void post(int_data& val, int const& attr) {}
static void fail (int_data&) {}
s
11}

Now weusetheat t r_cast pseudo parser to invoke the attribute transformation:

int_data d ={ 0 };
test_parser_attr("1", boost::spirit::qi::attr_cast(int_), d);
std::cout << d.i << std::endl;

End of Line Parser (eol )
Description
Theeol parser matches the end of line (CR/LF and combinations thereof).

Header

/1 forwards to <boost/spirit/honme/qi/auxiliary/eol.hpp>
#i ncl ude <boost/spirit/include/qgi_eol.hpp>

Also, see Include Structure.
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Namespace

Name
boost::spirit::eol // alias: boost::spirit::qi::eol
Model of

PrimtiveParser

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression Semantics

eol Create a parser that matches the end of line.
Attributes

Expression Attribute

eol unused
Complexity

O(1)

Example

E I Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::eol;
Using eol :

test_parser("\n", eol);

End of Input Parser (eoi )
Description
Theeoi parser matches the end of input (returns a successful match with 0 length when the input is exhausted)

Header

/'l forwards to <boost/spirit/hone/qi/auxiliaryl/eoi.hpp>
#i ncl ude <boost/spirit/include/qi_eoi.hpp>

Also, see Include Structure.
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Namespace

Name
boost::spirit::eoi // alias: boost::spirit::qi::eoi
Model of

PrimtiveParser

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression Semantics

€eoi Create a parser that matches the end of input.
Attributes

Expression Attribute

€oi unused
Complexity

O(1)

Example

E I Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::eoi;
Using eoi :

test_parser("", eoi);

Epsilon Parser (eps)

Description

The Epsilon (eps) isamulti-purpose parser that returns a zero length match.
Simple Form

Initssimplest form, eps matches the null string and always returns a match of zero length:

eps // always returns a zero-length match
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Thisform isusually used to trigger a semantic action unconditionally. For example, it is useful in triggering error messages when a
set of aternativesfail:

r=al| b| c| epsferror()]; // Call error if a, b, and c fail to match

Semantic Predicate

Semantic predicates allow you to attach aconditional function anywherein the grammar. Inthisrole, the epsilon takesal azy Argument
that returnst r ue or f al se. The Lazy Argument istypically atest that is called to resolve ambiguity in the grammar. A parse failure
will be reported when the Lazy Argument result evaluatesto f al se. Otherwise an empty match will be reported. The general form
is:

eps(f) >> rest;

TheLazy Argument f iscalled to do asemantic test (say, checking if asymbol isin the symbol table). If test returnstrue, r est will
be evaluated. Otherwise, the production will return early with a no-match without ever touching rest.

Header

/1l forwards to <boost/spirit/home/qi/auxiliary/eps.hpp>
#i ncl ude <boost/spirit/include/gi _eps. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::eps // alias: boost::spirit::qgi::eps
Model of
PrimtiveParser
Notation
f A Lazy Argument that evaluates bool .

Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi t i vePar ser .

Expression Semantics
eps Match an empty string (always matches).
eps(f) If f evaluatestotr ue, return azero length match.
Attributes
Expression Attribute
eps unused
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Complexity

For plain (eps) the complexity isO(1). For Semantic predicates (eps( f ) ) the complexity is defined by thefunction
f.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::eps
using boost::spirit::qgi::int_;
usi ng boost::spirit::qi::_1
nanespace phx = boost: : phoeni x;

Basic eps:
test_parser("", eps); // always matches
This example simulatesthe "classic" i f _p parser. Here, i nt _ will betried only if the condition, c, istrue.

bool ¢ =true; // a flag
test_parser("1234", eps(phx::ref(c) == true) >> int_);

This example simulates the "classic” whi | e_p parser. Here, the kleene loop will exit once the condition, ¢, becomes true. Notice
that the condition, c, isturned to f al se when we get to parse 4.

test _phrase_parser("1 2 3 4"
*(eps(phx::ref(c) == true) >>int_[phx::ref(c) = (_1 == 4)]))

Lazy Parser (I azy)
Description

Thel azy parser, asits name suggests, invokes alazy Phoenix function that returns a parser at parse time. This parser will be used
onceit is created to continue the parse.

Header

/1l forwards to <boost/spirit/home/qi/auxiliary/lazy.hpp>
#i ncl ude <boost/spirit/include/qi_lazy. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lazy // alias: boost::spirit::qi::lazy
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Model of

Par ser

Notation
fp A Lazy Argument that evaluatesto a Par ser .
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Par ser .

Expression Semantics

fp Create a lazy-parser from aLazy Argument, f p. f p will bein-
voked at parsetime. f p is expected to return a Par ser object.
This parser isthen invoked in order to parse the input.

lazy(fp) Create alazy-parser from a Lazy Argument, f p. f p will bein-
voked at parsetime. f p is expected to return aPar ser object.
This parser isthen invoked in order to parse the input.

Attributes
Expression Attribute
fp The attribute type of the return type of f p.
| azy(fp) The attribute type of the return type of f p.
Complexity

The complexity of thel azy parser is determined by the complexity of the parser returned from f p.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::lazy;
usi ng boost::spirit::ascii::string;
usi ng boost : : phoeni x: : val ;

Using |l azy:

Here, the phoenix::val expression creates afunction that returnsits argument when invoked. The lazy expression deferstheinvocation
of this function at parse time. Then, this parser (string parser) is called into action. All this takes place at parse time.

test_parser("Hello", lazy(val (string("Hello"))));

The above is equivalent to:
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test_parser("Hello", val (string("Hello")));

Binary Parsers

This module includes different parsers for parsing binary data in various endianness. It includes parsers for default (native), little,
and big endian binary input.

Module Header

/'l forwards to <boost/spirit/home/qi/binary. hpp>
#i ncl ude <boost/spirit/include/qi_binary. hpp>

Also, see Include Structure.

Binary Native Endianness Parsers
Description

Binary native endian parsers are designed to parse binary byte streams that are laid out in the native endianness of the target archi-
tecture.

Header

/'l forwards to <boost/spirit/home/qi/binary. hpp>
#i ncl ude <boost/spirit/include/qi_binary. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::byte_// alias: boost::spirit::qi::byte_
boost::spirit::word // alias: boost::spirit::qi::word
boost::spirit::dword // alias: boost::spirit::qi::dword
boost::spirit::gword // alias: boost::spirit::qgi::qword
boost::spirit::bin_float // alias: boost::spirit::qi::bin_float

boost: :spirit::bin_double // alias: boost::spirit::qi::bin_double

@ Note
gwor d is only available on platforms where the preprocessor constant BOOST_HAS_LONG_LONG s defined (i.e. on
platforms having native support for unsi gned | ong | ong (64 bit) integer types).

Model of

PrimtiveParser
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Notation

b A single byte (8 bit binary value) or aLazy Argument that evaluates to asingle byte. Thisvalue is always in native endian.

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always in native endian.

dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. Thisvalueis always in native endian.

gw A 64 bit binary value or aLazy Argument that evaluates to a 64 bit binary value. Thisvalue is alwaysin native endian.

f A float binary value or a Lazy Argument that evaluatesto afloat binary value. This value is always in native endian.

d A doublebinary value or a Lazy Argument that evaluates to a double binary value. This valueis always in native endian.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri i t i vePar ser .

Expression
byte_

wor d

dword
gwor d

bi n_f 1l oat
bi n_doubl e
byte_(b)
wor d(w)
dwor d( dw)
qwor d( qw)
bin_float(f)

bi n_doubl e(d)

Description

Matches any 8 hit native endian binary.
Matches any 16 bit native endian binary.
Matches any 32 bit native endian binary.
Matches any 64 bit native endian binary.
Matches any float native endian binary.
Matches any double native endian binary.
Matches an exact 8 hit native endian binary.
Matches an exact 16 bit native endian binary.
Matches an exact 32 bit native endian binary.
Matches an exact 64 bit native endian binary.
Matches an exact float native endian binary.

Matches an exact double native endian binary.
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Attributes

Expression
byte_

wor d

dwor d
gwor d

bi n_fl oat
bi n_doubl e
byte_(b)
wor d(w)
dwor d( dw)
qwor d(qw)
bi n_f | oat (f)

bi n_doubl e(d)

Complexity

Attribute

boost::uint_| east8_t
boost::uint_|east16_t
boost::uint_|east32 t
boost: :uint_| east64_t
fl oat

doubl e

unused

unused

unused

unused

unused

unused

O(N), where N is the number of bytes parsed

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Using declarations and variables:

usi ng boost : :
usi ng boost : :
usi ng boost : :
usi ng boost : :

boost::uint8_

spirit::
spirit::
spirit::
spirit::

t uc;

boost::uintl1l6_t us
boost::uint32_t ui
boost::uint64_t ul

qi::
qi:
qi::
qi::

byte_;

swor d;

dwor d;
gwor d;

Basic usage of the native binary parsersfor little endian platforms:

render
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test_parser_attr("\x01", byte_, uc); assert(uc == 0x01);
test_parser_attr("\x01\x02", word, us); assert(us == 0x0201);
test_parser_attr("\x01\x02\x03\x04", dword, ui); assert(ui == 0x04030201);
test_parser_attr("\x01\x02\ x03\ x04\ x05\ x06\ x07\ x08", qgword, ul);
assert (ul == 0x0807060504030201LL);

test_parser("\x01", byte_(0x01));

test _parser ("\x01\x02", word(0x0201));

test _parser ("\x01\ x02\ x03\ x04", dword(0x04030201));

test _parser ("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08",
gwor d( 0x0807060504030201LL) ) ;

Basic usage of the native binary parsers for big endian platforms:

test_parser_attr("\x01", byte_, uc); assert(uc == 0x01);
test _parser_attr("\x01\x02", word, us); assert(us == 0x0102);
test_parser_attr("\x01\x02\x03\x04", dword, ui); assert(ui == 0x01020304);

test _parser_attr("\x01\x02\ x03\ x04\ x05\ x06\ x07\ x08", qgword, ul);
assert (0x0102030405060708LL) ;

test _parser("\x01", byte_(0x01));
test _parser("\x01\x02", word(0x0102));
test _parser("\x01\ x02\ x03\ x04", dword(0x01020304));

test _parser ("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08",
gwor d(0x0102030405060708LL) ) ;

Binary Little Endianness Parser
Description
Binary little endian parsers are designed to parse binary byte streamsthat are laid out in little endian.

Header

/1l forwards to <boost/spirit/hone/qi/binary. hpp>
#i ncl ude <boost/spirit/include/qgi _binary. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::little_word // alias: boost::spirit::qgi::little_word
boost::spirit::little_dword // alias: boost::spirit::qi::little_dword
boost::spirit::little_gword // alias: boost::spirit::qi::little_qgword
boost::spirit::little_bin_float // alias: boost::spirit::qi::little_bin_float
boost::spirit::little_bin_double // alias: boost::spirit::qgi::little_bin_double

g Note
little_qgwordisonly availableon platformswhere the preprocessor constant BOOST_HAS LONG LONGisdefined
(i.e. on platforms having native support for unsi gned | ong | ong (64 bit) integer types).
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Model of

PrimtiveParser

Notation

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always in native endian.
dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. Thisvalueis always in native endian.
gw A 64 bit binary value or aLazy Argument that evaluates to a 64 bit binary value. Thisvalueis alwaysin native endian.

f A float binary value or a Lazy Argument that evaluatesto afloat binary value. This value is always in native endian.

d A doublebinary value or a Lazy Argument that evaluates to a double binary value. This valueis always in native endian.
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri i t i vePar ser .

Expression Description
little word Matches any 16 bit little endian binary.
little_dword Matches any 32 bit little endian binary.
little_qgword Matches any 64 bit little endian binary.
little bin_float Matches any float little endian binary.
little_bin_double Matches any double little endian binary.
little_word(w Matches an exact 16 hit little endian binary.
little_dword(dw Matches an exact 32 hit little endian binary.
little_gword(gw Matches an exact 32 hit little endian binary.
little_bin_float(f) Matches an exact float little endian binary.
little_bin_doubl e(d) Matches an exact double little endian binary.
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Attributes
Expression Attribute
little_word boost::uint_|east16_t
little_dword boost::uint_|east32_t
little_gword boost::uint_|east64 t
little_bin_float fl oat
little_bin_double doubl e
little_word(w) unused
little_dword(dw) unused
little_gword(qw) unused
little_bin_float(f) unused
little_bin_double(d) unused

Complexity

O(N), where N is the number of bytes parsed

Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Using declarations and variables:

using boost::spirit::qi::little_word,
using boost::spirit::qi::little_dword
using boost::spirit::qi::little_qgword

boost::uint16_t us
boost::uint32_t ui
boost::uint64_t ul

Basic usage of the little endian binary parsers:

test_parser_attr("\x01\x02", little_word, us); assert(us == 0x0201);
test_parser_attr("\x01\x02\x03\x04", little_dword, ui); assert(ui == 0x04030201);
test_parser_attr("\x01\x02\ x03\ x04\ x05\ x06\ x07\ x08", little_gword, ul);

assert (ul == 0x0807060504030201LL);

test _parser("\x01\x02", little_word(0x0201));

test _parser("\x01\ x02\ x03\ x04", little_dword(0x04030201));

test _parser("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08",
littl e_gword(0x0807060504030201LL));
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Binary Big Endianness Parsers
Description
Binary big endian parsers are designed to parse binary byte streams that are laid out in big endian.

Header

/1 forwards to <boost/spirit/hone/qi/binary.hpp>
#i ncl ude <boost/spirit/include/gi_binary. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::big_word // alias: boost::spirit::qi::big_word
boost::spirit::big_dword // alias: boost::spirit::qi::big_dword
boost::spirit::big gword // alias: boost::spirit::qi::big_gword
boost::spirit::big bin_float // alias: boost::spirit::qi::big_bin_float

boost::spirit::big _bin_double // alias: boost::spirit::qi::big_bin_double

S Note
bi g_qgwor d is only available on platforms where the preprocessor constant BOOST_HAS LONG LONG is defined
(i.e. on platforms having native support for unsi gned | ong | ong (64 bit) integer types).

Model of

PrimtiveParser

Notation

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always in native endian.
dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. Thisvalue is aways in native endian.
gw A 64 bit binary value or a Lazy Argument that evaluates to a 64 bit binary value. This value is aways in native endian.

f A float binary value or a Lazy Argument that evaluates to a float binary value. This value is alwaysin native endian.

d A doublebinary value or a Lazy Argument that evaluates to a double binary value. This value is ways in native endian.
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined inPri ni ti vePar ser.
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Expression Description

bi g_word Matches any 16 bit big endian binary.

bi g_dword Matches any 32 bit big endian binary.

bi g_gword Matches any 64 bit big endian binary.

bi g_bi n_f I oat Matches any float big endian binary.

bi g_bi n_doubl e Matches any double big endian binary.

bi g_wor d(w) Matches an exact 16 bit big endian binary.

bi g_dwor d( dw) Matches an exact 32 hit big endian binary.

bi g_qgwor d( qw) Matches an exact 32 bit big endian binary.

bi g_bin_float (f) Matches an exact float big endian binary.

bi g_bi n_doubl e(d) Matches an exact double big endian binary.
Attributes

Expression Attribute

bi g_word boost: :uint_| east16_t

bi g_dword boost: :uint_| east32_t

bi g_gword boost::uint_| east64 t

bi g_bin_fl oat f | oat

bi g_bi n_doubl e doubl e

bi g_word(w unused

bi g_dwor d( dw) unused

bi g_gwor d(qw) unused

bi g _bin_float(f) unused

bi g_bi n_doubl e(d) unused
Complexity

O(N), where N is the number of bytes parsed

Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.
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Using declarations and variables:

usi ng boost::spirit::qi::big_word;
usi ng boost::spirit::qi::big_dword;
usi ng boost::spirit::qi::big_gword;
boost::uint16_t us;

boost::uint32_t ui;
boost::uint64_t ul;

Basic usage of the big endian binary parsers:

test_parser_attr("\x01\x02", big_word, us); assert(us == 0x0102);
test_parser_attr("\x01\x02\ x03\ x04", big dword, ui); assert(ui == 0x01020304);
test_parser_attr("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08", big_gword, ul);

assert (0x0102030405060708LL) ;

test _parser("\x01\x02", big_word(0x0102));

test _parser ("\x01\ x02\ x03\ x04", bi g_dword(0x01020304));

test _parser ("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08",
bi g_gwor d( 0x0102030405060708LL) ) ;

Character Parsers

This module includes parsers for single characters. Currently, this module includes literal chars (e.g. ' x' , L' x' ), char _ (single
characters, ranges and character sets) and the encoding specific character classifiers (al num al pha, di gi t, xdi gi t, €tc.).

Module Header

/1l forwards to <boost/spirit/hone/qi/char.hpp>
#i ncl ude <boost/spirit/include/qi_char. hpp>

Also, see Include Structure.
Character Parser (char_, lit)

Description

The char _ parser matches single characters. The char _ parser has an associated Character Encoding Namespace. This is needed
when doing basic operations such as inhibiting case sensitivity and dealing with character ranges.

There are various forms of char _.
char_

The no argument form of char _ matches any character in the associated Character Encoding Namespace.

char _ /1 mat ches any character

char_(ch)

The single argument form of char _ (with a character argument) matches the supplied character.

char _('x") /1l matches 'x'
char (L' x") /! matches L'Xx'
char _(x) /1 matches x (a char)
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char_(first, last)

char _ with two arguments, matches a range of characters.

char _("a',"'z") /1 al phabetic characters
char_(L'0",L 9") /1 digits

A range of charactersiscreated from alow-high character pair. Such a parser matches asingle character that isin the range, including
both endpoints. Note, the first character must be before the second, according to the underlying Character Encoding Namespace.

Character mapping is inherently platform dependent. It is not guaranteed in the standard for examplethat' A < ' Z', that iswhy
in Spirit2, we purposely attach a specific Character Encoding Namespace (such as ASCII, 1SO-8859-1) to the char _ parser to
eliminate such ambiguities.

S Note
Spar se bit vectors

To accommodate 16/32 and 64 bit characters, the char-set statically switchesfromast d: : bi t set implementation
when the character type is not greater than 8 hits, to a sparse hit/boolean set which uses a sorted vector of disjoint
ranges (r ange_r un). The set is constructed from ranges such that adjacent or overlapping ranges are coal esced.

range_runs are very space-economical in situations where there are lots of ranges and a few individual digjoint
values. Searching is O(log n) where n is the number of ranges.

char_(def)

Lastly, when given a string (a plain C string, ast d: : basi ¢c_stri ng, €tc.), the string is regarded as a char-set definition string
following a syntax that resembles posix style regular expression character sets (except that double quotes delimit the set elements
instead of sgquare brackets and there is no special negation ” character). Examples:

char ("a-zA-Z") /'l al phabetic characters

char ("0-9a-fA-F") [/ hexadeci mal characters
char _("act gACTG") /1 DNA identifiers

char _("\x7f\x7e") /'l Hexadeci mal Ox7F and Ox7E

lit(ch)

I'i t, when passed a single character, behaves like the single argument char _ except that | i t does not synthesize an attribute. A
plainchar orwchar _t isequivadenttoalit.

S Note
l'it isreused by both the string parsers and the char parsers. In general, a char parser is created when you passin
acharacter and astring parser is created when you pass in astring. The exception iswhen you pass a single element
literal string, e.g. it ("x") . Inthiscase, we optimize thisto create a char parser instead of a string parser.

Examples:

Ly
lit('x")
lit(L x")
lit(c) /1 c is a char
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Header

/1l forwards to <boost/spirit/home/qi/char/char.hpp>
#i ncl ude <boost/spirit/include/qgi_char_. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::lit // alias: boost::spirit::qi::lit
ns::char _

In the table above, ns represents a Character Encoding Namespace.
Model of

PrimtiveParser

Notation

c,f,l A literal char,eg.' x' ,L' x' or anything that can be convertedtoachar orwchar _t , or aLazy Argument that evaluates
to anything that can be converted to achar orwchar _t .

ns A Character Encoding Namespace.

cs A String or aLazy Argument that evaluates to a String that specifies a char-set definition string following a syntax that

resembles posix style regular expression character sets (except the square brackets and the negation ~ character).

cp A char parser, achar range parser or a char set parser.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression Semantics

c Create char parser from achar, c.

lit(c) Create a char parser from achar, c.

ns::char _ Create achar parser that matches any character inthens encod-
ing.

ns::char_(c) Create a char parser with ns encoding from achar, c.

ns::char_(f, I) Create a char-range parser that matches characters from range

(f tol, inclusive) with ns encoding.

ns::char_(cs) Create a char-set parser with ns encoding from a char-set
definition string, cs.

~cp Negate cp. Theresult is anegated char parser that matches any
character in the ns encoding except the characters matched by

cp.
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Attributes

Expression

c

lit(c)

ns::char _
ns::char_(c)
ns::char_(f, |)
ns::char_(cs)
~cp

Complexity

Attribute

unused or if c isaLazy Argument, the character type returned
by invoking it.

unused or if ¢ isaLazy Argument, the character type returned
by invoking it.

The character type of the Character Encoding Namespace, ns.
The character type of the Character Encoding Namespace, ns.
The character type of the Character Encoding Namespace, ns.
The character type of the Character Encoding Namespace, ns.

The attribute of cp.

O(N), except for char-sets with 16-bit (or more) characters (e.g. wchar _t ). These have O(log N) complexity,
where N isthe number of distinct character rangesin the set.

Example

N

Some using declarations:

Note

The test harness for the example(s) below is presented in the Basics Examples section.

using boost::spirit::qi::lit;

usi ng boost::spirit::ascii::char_;
Basic literals:

test_parser("x", '"x'); /1l plain literal
test_parser("x", lit('x")); /1l explicit literal
test_parser("x", char_('x")) /1 ascii::char_
Range:

char ch;

test_parser_attr("5", char_('0","9"), ch); [/ ascii::char_ range
std::cout << ch << std::endl; /'l prints '5'
Character set:

test_parser_attr("5", char_("0-9"), ch); /1 ascii::char_ set
std::cout << ch << std::endl; /'l prints '5'

Lazy char_ using Phoenix
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nanmespace phx = boost: : phoeni x

test _parser("x", phx::val('x")); /1 direct
test _parser("5"
char_(phx::val ('0"), phx::val ('9"))); /1 ascii::char_ range

Character Classification Parsers (al num digit, etc.)

Description

Thelibrary hasthefull repertoire of single character parsersfor character classification. Thisincludestheusua al num al pha,digit,
xdi gi t , etc. parsers. These parsers have an associated Character Encoding Namespace. Thisis needed when doing basic operations
such as inhibiting case sensitivity.

Header

/1 forwards to <boost/spirit/home/qi/char/char_class. hpp>
#i ncl ude <boost/spirit/include/qi_char_cl ass. hpp>

Also, see Include Structure.

Namespace
Name
ns: :al num
ns: : al pha
ns: : bl ank
ns::cntrl
ns::digit
ns: : graph
ns:: | ower
ns::print
ns: : punct
ns: : space
ns: :upper
ns: : xdigit

In the table above, ns represents a Character Encoding Namespace.
Model of

PrimtiveParser
Notation

ns A Character Encoding Namespace.
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Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression
ns::al num
ns: : al pha
ns: : bl ank
ns::cntrl
ns::digit
ns: : graph
ns: : | ower
ns::print
ns: : punct
ns::space
ns: :upper
ns:: xdigit
Attributes

Semantics

Matches al pha-numeric characters
Matches al phabetic characters
Matches spaces or tabs

Matches control characters

Matches numeric digits

Matches non-space printing characters
Matches lower case letters

Matches printable characters

Matches punctuation symbols
Matches spaces, tabs, returns, and newlines
Matches upper case letters

Matches hexadecimal digits

The character type of the Character Encoding Namespace, ns.

Complexity
O(N)

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost : :
usi ng boost : :
usi ng boost : :
usi ng boost : :

Basic usage:

spirit::
spirit::
spirit::
spirit::

ascii:
ascii:
ascii:
ascii:

al num
bl ank;
digit;
| ower ;

render
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test_parser("1", alnum;

test_parser(" ", blank);
test_parser("1", digit);
test_parser("a", |ower);

Parser Directives

Thismoduleincludes different directives usable to augment and parameterize other parsers. It includestheno_case, | exene,oni t,
raw, r epeat , mat ches, no_ski p, ski p, hol d, as<T>, as_stri ng and as_wst ri ng directives.

Module Header

/'l forwards to <boost/spirit/hone/qi/directive. hpp>
#i ncl ude <boost/spirit/include/qgi_directive. hpp>

Also, see Include Structure.
Parser Directive Inhibiting Skipping (I exene[])

Description

The | exene directive makes its subject a primitive. In alogical point of view, lexemes (and primitives) are minimal atomic units
(e.g. words, numbers, identifiers, etc). These are the things that you'd normally put in the lexer (hinting at the term "lexeme"), but
in alexer-less world, you put these in a lexeme. Seeing its subject as a primitive, the | exeme directive does an initia pre-skip (as
all primitives do) and turns off white space skipping.

At the phraselevel, the parser ignores white spaces, possibly including comments. Usel exene in situations where you want to work
at the character level instead of the phrase level. Parsers can be made to work at the character level by enclosing the pertinent parts
inside thel exene directive. For example, here's arule that parses integers:

integer = lexene[ -(lit('+") | "-'") >> +digit ];

The | exeme directive instructs its subject parser to work on the character level. Without it, the i nt eger rule would have allowed
erroneous embedded white spacesin inputssuchas" 1 2 345" which will be parsed as" 12345" .

S Note
Keep inmind that | exerre[] pre-skips spaces. If thisis not desired, usethe no_ski p directive instead.

Header

/1l forwards to <boost/spirit/home/qi/directivel/lexemne. hpp>
#i ncl ude <boost/spirit/include/qgi_| exeme. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lexeme // alias: boost::spirit::qgi::Iexene

Model of

Unar yPar ser
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Notation
a AParser.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
| exenel[ a] Pre-skip and turn off white space skipping for the subject parser,

a (and al its children).

Attributes
See Compound Attribute Notation.
Expression Attribute

| exemne[ a] a: A--> lexeme[a]: A

a: Unused --> lexene[a]: Unused

Complexity
The complexity is defined by the complexity of the subject parser, a

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

using boost::spirit::qi::|exemne;
using boost::spirit::qi::lit;
using boost::spirit::ascii::digit;

Simple usage of | exene[ ] :

The use of lexeme here will prevent skipping in between the digits and the sign making inputssuch as” 1 2 345" erroneous.
test _phrase_parser("12345", lexene[ -(lit("+") | "-") >> +digit ]);

Parser Directive Inhibiting Skipping Without Pre-skip (no_skip[])
Description

Theno_ski p[] directive turns off white space skipping. The differenceto | exeme isthat it does not do pre-skipping in any case.
Otherwiseit is completely equivalent to the | exeme directive.
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Header

/1 forwards to <boost/spirit/honme/qi/directivel/no_skip.hpp>
#i ncl ude <boost/spirit/include/qi_no_skip. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::no_skip // alias: boost::spirit::qi::no_skip
Model of
Unar yPar ser
Notation
a A Parser.

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
no_ski p[ a] Turns off white space skipping for the subject parser, a (and all

its children). This directive does not pre-skips.

Attributes

See Compound Attribute Notation.

Expression Attribute

no_ski p[ a] a: A-->no_skipfa]l: A

a: Unused --> no_skip[a]: Unused

Complexity
The complexity is defined by the complexity of the subject parser, a

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::no_skip;
usi ng boost::spirit::qi::char_;
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Simple usage of no_ski p[]:

The use of no_skip here will prevent skipping of whitespace in front and in between the characters of the string'  abc

std::string str;

test _phrase_parser_attr ("' abc
"“\'" >> no_skip[+~char_("\"")] >>"\"" ] str);
std::cout << str << std::endl; /1 will output: > abc <

Parser Directive Inhibiting Case Sensitivity (no_case[])
Description

Theno_case[] directive does not consume any input. The actual matching is done by its subject parser. It's purpose is to force
matching of the subject parser (and al its children) to be case insensitive.

Header

/'l forwards to <boost/spirit/hone/qi/directivel/no_case. hpp>
#i ncl ude <boost/spirit/include/qgi_no_case. hpp>

Also, see Include Structure.

Namespace

Name

ns::no_case

In the table above, ns represents a Character Encoding Namespace.
Model of

The model of no_case isthe model of its subject parser.

Notation

a AParser.

ns A Character Encoding Namespace.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in the subject's concept.

Expression Semantics
ns::no_caseJ aj Force matching of the subject parser, a (and al its children) to

be case insensitive

Attributes

See Compound Attribute Notation.
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Expression Attribute

ns::no_casel a
- [al a: A-->ns::no_caselal: A

a: Unused --> ns::no_case[a]: Unused

Complexity
The complexity is defined by the complexity of the subject parser, a

Example

E I Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

using boost::spirit::ascii::no_case;
using boost::spirit::ascii::char_;
using boost::spirit::ascii::alnum

usi ng boost::spirit::qi::synbols;
Simple usage of no_case[]:

test _parser("X', no_case[char_("x")]);
test _parser("6", no_case[al num);

A more sophisticated use case of no_case[] in conjunction with asymbol table (see synbol s<> for more details):

synbol s<char, int> sym

sym add
("apple", 1) /'l synmbol strings are added in | owercase...
("banana", 2)
("orange", 3)

int i;

/1l ...because symis used for case-insensitive parsing
test_parser_attr("Apple", no_casel sym], i);

std::cout << i << std::endl;

test_parser_attr("ORANGE", no_case[ sym], i);
std::cout << i << std::endl;

Parser Directive Ignoring Attribute (omit[])
Description
Theoni t[] ignoresthe attribute of its subject parser replacing it with unused.

Header

/1 forwards to <boost/spirit/home/qi/directive/ont.hpp>
#i ncl ude <boost/spirit/include/qi_onmit.hpp>
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Also, see Include Structure.

Namespace

Name
boost::spirit::omt // alias: boost::spirit::qi::omt
Model of
Unar yPar ser
Notation
a A Parser.

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics

omit[a] Ignore the attribute of the subject parser, a
Attributes

Expression Attribute

omt[a] unused_type
Complexity

The complexity is defined by the complexity of the subject parser, a

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

using boost::spirit::qi::omt;
using boost::spirit::qi::int_;
usi ng boost::spirit::ascii::char_;

This parser ignores the first two characters and extracts the succeeding i nt :
int i;

test_parser_attr("xx345", omt[char_ >> char_] >>int_, i);
std::cout << i << std::endl; // should print 345
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Directive for Transduction Parsing (raw{])
Description

The raw ] disregards the attribute of its subject parser, instead exposing the half-open range [ first, |ast) pointing to the
matched characters from the input stream. Ther aw{ ] directive brings back the classic Spirit transduction (un-attributed) behavior
for a subject parser.

Header

/1l forwards to <boost/spirit/home/qi/directivel/raw hpp>
#i ncl ude <boost/spirit/include/qgi_raw hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::raw // alias: boost::spirit::qi::raw
Model of
Unar yPar ser
Notation
a A Par ser.
Iter A Forwardlterator type.

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics

raw aj Disregard the attribute of the subject parser, a. Expose instead
the half-openrange[first, |ast) pointing to the matched
characters from the input stream.

Attributes

See Compound Attribute Notation.

Expression Attribute
raw aj a: A-->rawa]: boost::iterator_range<lter>

a: Unused --> rawfa]: Unused

g Note
Seeboost : :iterator_range.
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Complexity
The complexity is defined by the complexity of the subject parser, a

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::raw,
usi ng boost::spirit::ascii::al pha;
usi ng boost::spirit::ascii::alnum

This parser matches and extracts C++ identifiers:

std::string id;
test_parser_attr("Janmes007", rawf (alpha | '_') >> *(alnum| ' _")], id)
std::cout << id << std::endl; // should print Janes007

Repetition Parser Directive (repeat[])
Description

Therepeat[] provides a more powerful and flexible mechanism for repeating a parser. There are grammars that are impractical
and cumbersome, if not impossible, for the basic EBNF iteration syntax (Kleene and the Plus) to specify. Examples:

* A file name may have a maximum of 255 characters only.
A specific bitmap file format has exactly 4096 RGB color information.
» A 256 bit binary string (1..256 1s or 0s).

Header

/1 forwards to <boost/spirit/hone/qi/directivel/repeat. hpp>
#i ncl ude <boost/spirit/include/gi _repeat. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::repeat // alias: boost::spirit::qi::repeat
boost::spirit::inf // alias: boost::spirit::qi::inf
Model of

Unar yPar ser
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Notation
a A Par ser.
n, m n, max Anint anything that can be converted to an i nt, or a Lazy Argument that evaluates to anything that can be

convertedtoani nt .
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics

repeat [ aj Repeat a zero or more times. Same as Kleene.

repeat (n)[a] Repeat a exactly n times.

repeat (mn, max)[a] Repeat a at least ni n times and at most nax times.

repeat (min, inf)[a] Repeat a at least mi n or more (continuing until a fails or the

input is consumed).

Attributes

See Compound Attribute Notation.

Expression Attribute

repeat[a] a: A -->repeat[a]: vector<A>

a: Unused --> repeat[a]: Unused

repeat (n)[a] a: A-->repeat(n)[a]: vector<A>

a: Unused --> repeat(n)[a]: Unused

repeat (min, nax)[a a: A-->repeat(mn, max)[a]: vector<A>

a: Unused --> repeat(mn, nmax)[a]: Unused

repeat(min, inf)[a a: A-->repeat(mn, inf)[a]: vector<A>

a: Unused --> repeat(mn, inf)[a]: Unused

Complexity

Theoverall complexity is defined by the complexity of its subject parser. The complexity of r epeat itself isO(N),
where N is the number of repetitions to execute.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.
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Using the repeat directive, we can now write our examples above.

Some using declarations:

using boost::spirit::qi::repeat;
using boost::spirit::qi::lit;

usi ng boost::spirit::qi::uint_parser;
usi ng boost::spirit::qi::_1;

usi ng boost::spirit::ascii::char_;
namespace phx = boost: : phoeni x;

A parser for afile name with a maximum of 255 characters:
test _parser("batman.jpeg", repeat(1l, 255)[char_("a-zA-Z ./")]);

A parser for a specific bitmap file format which has exactly 4096 RGB color information. (for the purpose of this example, we will
be testing only 3 RGB color information.)

ui nt _par ser <unsi gned, 16, 6, 6> rgb;
std:: vector<unsi gned> col ors;
test_parser_attr("ffffff0000003f3f3f", repeat(3)[rgb], colors);
std:: cout
<< std:: hex
<< colors[0] <<
<< colors[1] << ',
<< colors[2] << std::endl;

’

A 256 bit binary string (1..256 1s or 0s). (For the purpose of this example, we will be testing only 16 bits.)
test_parser("1011101011110010", repeat (16)[lit("1") | '0"]);

The Loop parsers can be dynamic. Consider the parsing of a binary file of Pascal-style length prefixed string, where the first byte
determines the length of the incoming string. Here's a sample input:

MiH]| e | I ] 1 ]0O Wilojlr I |d

Thistrivial example cannot be practically defined in traditional EBNF. Although some EBNF variants allow more powerful repetition
constructs other than the Kleene Star, we are till limited to parsing fixed strings. The nature of EBNF forces the repetition factor to
be a constant. On the other hand, Spirit allows the repetition factor to be variable at run time. We could write agrammar that accepts
the input string above. Example using phoenix:

std::string str;

int n;
test _parser_attr("\xObHell o World",
char_[phx::ref(n) = _1] >> repeat(phx::ref(n))[char_], str);
std::cout << n << ',|' << str << std::endl; // will print "11,Hello World"

Directive Testing if Parser Succeeded (mat ches[])
Description

Themat ches[] directive executes the embedded parser and returns whether it succeeded matching.
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Header

/1 forwards to <boost/spirit/home/qi/directivel/ matches. hpp>
#i ncl ude <boost/spirit/include/gi_matches. hpp>

Also, see Include Structure.

Namespace

Name
boost: :spirit:: matches // alias: boost::spirit::qi:: mtches
Model of
Unar yPar ser
Notation
a A Parser.

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
mat ches| a] Execute the subject parser a, and return as its attribute whether

it succeeded. The directive itself does always succeed.

Attributes
Expression Attribute
mat ches|[ a] bool
Complexity

The complexity is defined by the complexity of the subject parser, a

Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi:: mtches;
usi ng boost::spirit::qi::int_;

This parser triesto match ani nt and returnst r ue aits attribute as it succeeded matching:
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bool result = false;
test_parser_attr("345", matches[int_], result);
std::cout << std::boolal pha << result << std::endl; // should print: true

This parser triesto match ani nt aswell and returnsf al se asits attribute as it fails matching:

result = true;
test _parser_attr("abc", matches[int_], result);
std::cout << std::boolal pha << result << std::endl; // should print: false

Parser Directive Re-Establishing Skipping (skip[1)
Description

Theski p directiveistheinverseof | exene or [gi_no_skipno_ski p[]]. Whilethel exene directiveturns off white space skipping,
the ski p directive turnsit on again. Thisis simply done by wrapping the partsinside the ski p directive:

ski p[ a]
It isalso possible to supply askip parser to the ski p directive:

skip(p)[a] // Use "p° as a skipper for parsing "a

This makes it possible to:
» Perform localized phrase level parsing while doing character level parsing.
» Replace the current skipper anywhere with an entirely different skipper while doing phrase level parsing.

Header

/1 forwards to <boost/spirit/hone/qi/directivel/skip.hpp>
#i ncl ude <boost/spirit/include/qi_skip. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::skip // alias: boost::spirit::qi::skip
Model of
Unar yPar ser

Notation
a A Parser.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .
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Expression Semantics
ski p[ a] Re-establish the skipper that got inhibited by lexeme or no_skip
ski p(p)[a] Use p asaskipper for parsing a

Attributes

See Compound Attribute Notation.

Expression Attribute

ski p[ a] a: A-->skip[al: A

a: Unused --> skip[a]: Unused

skip(p)[a] a. A-->skip(p)[al: A

a: Unused --> skip(p)[a]: Unused

Complexity
The complexity is defined by the complexity of the subject parser, a

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::skip;
using boost::spirit::qgi::int_;
usi ng boost::spirit::ascii::space;

Simple usage of ski p[]:

Explicitly specify a skip parser. This parser parses comma delimited numbers, ignoring spaces.

test_parser("1, 2, 3, 4, 5", skip(space)[int_ >> *('," >>int_)]);

Parser Directive for Attribute Commit/Rollback (hol d[])
Description

Thehol d[] directive helpsmanaging attributes, mainly for alternative parsers. It instantiates anew attribute instance for the embedded
parser. The value of that attributeinstanceis copied to the outer attributeif the embedded parser succeedsand it is discarded otherwise.
Alternative parsers normally do not rollback changes made to the outer attribute by an failed alternative. Wrapping those aternatives
into ahol d[] directive ensures that only the succeeding alternative gets to modify the attribute.
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Header

/1 forwards to <boost/spirit/home/qi/directive/hold. hpp>
#i ncl ude <boost/spirit/include/qi_hold. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::hold // alias: boost::spirit::qi::hold
Model of
Unar yPar ser
Notation
a A Parser.

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
hol d[ a] Create a new attribute instance while parsing a, copying the

result to the outer attribute only after a succeeds.

Attributes

See Compound Attribute Notation.

Expression Attribute

hol d[ a] a: A-->holdla]: A

a: Unused --> hold[a]: Unused

S Note
Thehol d[ ] directive uses swap() to implement the rollback/commit semantics for the attribute. For this reason
the attribute type needs to to be usable with boost : : swap (needsto either define a proper overload for swap( at -
tribute_type& attribute_type& or expose a member function attri bute_type::swap(attrib-
ute_type&).

Complexity

The complexity is defined by the complexity of the subject parser, a
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Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::hold;
usi ng boost::spirit::qi::int_
using boost::spirit::qi::attr;

The use of hol d[ ] here will make sure the changes to the attribute caused by the (failing) first alternative will not be visible after
the whol e parsing succeeded.

std::vector<int> v;
test _phrase_parser_attr("123",
holdint_ >>"'":" >>1int_| | int_ >> attr(0), v);
std::cout << v[0] << "," << y[1] << std::endl; /1 will output: >123,0<

Parser Directives Forcing Atomic Assignment (as<T>, as_string[], as_wstring[])

Description

The as<T> class forces the atomic assignment of it's subject's synthesized attribute. Usually, repetitive parsers (such as Kleene, etc)
or sequences exposing a vect or <A> will assign elements to the container supplied as their synthesized attribute by calling
traits::push_back_contai ner repeatedly. In some cases, this may be undesirable. The as<T> class creates a directive that
will passatemporary object of type T toit's subject. If the subject parser passes, the temporary object will be assigned to the directive's
supplied attribute with asinglecall totrai t s: : assi gn_t o. If the subject parser fails, the directive's attribute is not mutated.

S e
T isrequired to be acontainer type. If trai ts: : i s_cont ai ner does not return true for T, a compile-time error
will occur.

S Note
The as<T> implicitly causes commit/rollback semantics similar in nature to the hol d directive.

‘g Caution
Thetraits::assign_to customization point may end up usingtraits:: push_back_cont ai ner to assign

thetemporary object to the supplied attribute by default, depending on the typesinvolved. Use the interface described
in Customization of Attribute Handling to manipul ate the semantics of this assignment operation.

Header

/1l forwards to <boost/spirit/honme/qi/directivel/as. hpp>
#i ncl ude <boost/spirit/include/qgi_as. hpp>

Also, see Include Structure.
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Namespace

Name

boost::spirit::as // alias: boost::spirit::qi::as

boost::spirit::as_string // alias:
boost::spirit::as_wstring // alias:
Synopsis

tenpl ate <typenane T>
struct as;

Template parameters

Parameter

T

Model of

Unar yPar ser

Notation
a A Par ser.
t A container of typeT.

attr  Theattribute supplied to the directive.

Expression Semantics

boost::spirit::qgi::as_string

boost::spirit::qgi::as_wstring

Description Default

A container type. [none

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression

as<T>()[a]

as_string[a]
as_wstring[a]

Attributes

See Compound Attribute Notation.
Expression

as<T>()[a]

Semantics

Create atemporary object of t of type T, and invoke the subject
parser a, supplyingt asan attribute. If the subject parser passes,
assignt toattr.

Equivalenttoas<std: : string>()[ a]

Equivalenttoas<st d: : wstri ng>()[ a]

Attribute

a: A-->as<T>()[a]l: T
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Complexity

The complexity is defined by the complexity of the subject parser, a, and the complexity of the assignment of the
container t to the supplied attributeat t r .

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::utree;

using boost::spirit::utree_type;

usi ng boost::spirit::utf8_ synbol type;
usi ng boost::spirit::qi::as;

using boost::spirit::qi::as_string;
usi ng boost::spirit::qi::char_;

Simple usage of as<T>, as_string andas_wstri ng:

To properly handle string concatenation with ut r ee, wemakeuseof as_stri ng[ ] . Wealso useas<T> toexplicitly createaut r ee
symbol node.

utree ut;

t ypedef as<utf8_synbol _type> as_synbol _type;
as_synbol _type const as_synbol = as_synbol _type();

test_parser_attr("foo", as_string[*char_], ut);
std::cout << ut << std::endl; // will output >"foo"<
BOOST_ASSERT(ut . whi ch() == utree_type::string_type);
ut.clear();

test_parser_attr("foo", as<std::string>()[*char_], ut);
std::cout << ut << std::endl; // will output >"foo"<
BOOST_ASSERT(ut . whi ch() == utree_type::string_type);
ut.clear();

test _parser_attr("foo", as_synbol[*char_], ut);

std::cout << ut << std::endl; // will output >foo<
BOOST_ASSERT(ut . whi ch() == utree_type::synbol _type);
ut.clear();

test_parser_attr("foo", as<utf8_synbol type>()[*char_], ut);

std::cout << ut << std::endl; // will output >foo<
BOOST_ASSERT(ut . whi ch() == utree_type::synbol _type);

Nonterminal Parsers
Module Headers

/1l forwards to <boost/spirit/hone/qgi/nonterm nal.hpp>
#i ncl ude <boost/spirit/include/gi _nonterninal.hpp>

Also, see Include Structure.
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Parser Rule
Description

Theruleisapolymorphic parser that acts asanamed placeholder capturing the behavior of aParsing Expression Grammar expression
assigned to it. Naming a Parsing Expression Grammar expression allows it to be referenced later and makes it possible for the rule
to call itself. Thisis one of the most important mechanisms and the reason behind the word "recursive” in recursive descent parsing.

Header

/1 forwards to <boost/spirit/home/qi/nonterm nal/rule.hpp>
#i ncl ude <boost/spirit/include/qi_rule.hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::qgi::rule
Synopsis

tenpl ate <typenane Iterator, typenane Al, typenane A2, typenane A3>
struct rule;

Template parameters

Parameter Description Default

Iterator The underlying iterator type that therule  none
is expected to work on.

Al, A2, A3 Either Si gnat ur e, Ski pper orLocal s Seetable below.
in any order. See table below.

Hereis more information about the template parameters:
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Parameter

Si gnature

Ski pper

Local s

Model of
Nont er mi nal
Notation
r, r2
p
Iterator
Al, A2, A3

Expression Semantics

Description

Specifies the rule's synthesized (return
value) and inherited attributes (argu-
ments). Moreonthishere: Nont er mi nal .

Specifiestherule's skipper parser. Specify
this if you want the rule to skip white
spaces. If thisis not specified, theruleis
an "implicit lexeme" and will not skip
spaces. "implicit lexeme" rules can till
be called with a skipper. In such a case,
theruledoesapre-skip just asall lexemes
and primitives do.

Specifies the rule's local variables. See
Nont er mi nal .

A parser expression

Either Si gnat ur e, Ski pper or Local s inany order.

Default

unused_t ype. When Si gnature de
faults to unused_t ype, the effect is the
same as specifying asignature of voi d()
which is aso equivdent to un-
used_type()

unused_t ype

unused_t ype

The underlying iterator type that the rule is expected to work on.

Semantics of an expression is defined only where it differs from, or is not defined in Nont er ni nal .
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Expression
rule<lterator, Al, A2, A3>

r(nane);

rule<lterator, Al, A2, A3>
r(r2)

r =r2;

r.alias()

r.copy()

r.name()

r. name( nane)

Attributes

Description

Rule declaration. | t er at or isrequired. A1, A2, A3 areop-
tional and can be specified in any order. name is an optional
string that givestheruleits name, useful for debugging and error
handling.

Copy construct ruler fromruler 2.

Assignruler2tor.

return an alias of r . The aliasis a parser that holds a reference
tor.

Getacopy of r.

Rule definition. This is equivalent tor % p (see below) if
there are no semantic actions attached anywherein p.

Auto-rule definition. The attribute of p should be compatible
with the synthesized attribute of r . When p is successful, its at-
tribute is automatically propagated to r 's synthesized attribute.

Retrieve the current name of the rule object.

Set the current name of the rule object to be nane.

The parser attribute of theruleis T, its synthesized attribute. See At tri but e

Complexity

The complexity is defined by the complexity of the RHS parser, p

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::qi::rule;

usi ng boost::spirit::qi::int_;

usi ng boost::spirit::qi::locals;

usi ng boost::spirit::qi::_1;

usi ng boost::spirit::qi::_a;

usi ng boost::spirit::ascii::alpha;

usi ng boost::spirit::ascii::char_;
using boost::spirit::ascii::space_type;
Basic rule:
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rul e<char const*> r;
r =int_;
test_parser("123", r);

Rule with synthesized attribute:

rul e<char const*, int()> ra;

ra = int_;

int i;

test_parser_attr("123", ra, i);
assert (i == 123);

Rule with skipper and synthesized attribute:

rul e<char const*, std::vector<int>(), space_type> rs;
rs = *int_;

std::vector<int> v;

test _phrase_parser_attr("123 456 789", rs, v);

assert(v[0] == 123);
assert (v[1] == 456);
assert(v[2] == 789);

Rule with one local variable:

rul e<char const*, |ocal s<char> > rl;

rl = alphal_a = _1] >> char_(_a); // get two identical characters
test_parser("aa", rl); // pass

test_parser("ax", rl); [/ fail

Parser Grammar

Description

The grammar encapsulates a set of rules (aswell as primitive parsers (Pri ni t i vePar ser ) and sub-grammars). The grammar isthe
main mechanism for modularization and composition. Grammars can be composed to form more complex grammars.

Header

/1l forwards to <boost/spirit/hone/qi/nonterm nal/granmar. hpp>
#i ncl ude <boost/spirit/include/qi_granmmar. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::qgi::grammar
Synopsis

tenpl ate <typenane lterator, typenane Al, typenane A2, typenane A3>
struct granmar;
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Template parameters

Parameter

I terator

Al, A2, A3

Description

The underlying iterator type that the rule
is expected to work on.

Either Si gnat ur e, Ski pper or Local s
in any order. See table below.

Here is more information about the template parameters:

Parameter

Si gnature

Ski pper

Local s

Model of

Nont er mi nal
Notation
g A grammar

Expression Semantics

Description

Specifies the grammar's synthesized (re-
turn value) and inherited attributes (argu-
ments). Moreonthishere: Nont er mi nal .

Specifies the grammar's skipper parser.
Specify this if you want the grammar to
skip white spaces.

Specifies the grammar's local variables.
See Nont er mi nal .

Default

none

See table below.

Default

unused_t ype. When Si gnature de
faults to unused_t ype, the effect is the
same as specifying asignature of voi d()
which is aso equivdent to un-
used_type()

unused_type

unused_t ype

Semantics of an expression is defined only where it differs from, or is not defined in Nont er nmi nal .

Expression

tenpl ate <typenane |terator>
grammar <l t erat [

struct my_granmar
or, Al, A2, A3>
{

my_grammar ()

mar : : base_type(start,

{

ny_gr ant]
name)

/1 Rule definitions

start

}

rul e<lterator,

=/* ...

*/

Al, A2,

Semantics

Grammar definition. name is an optional string that gives the

A3> start;

/1 nmore rule declarations...

grammar its name, useful for debugging and error handling.
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S Note
The template parameters of a grammar and its start rule (the rule passed to the grammar's base class constructor)
must match, otherwise you will see compilation errors.

Attributes

The parser attribute of the grammar is T, its synthesized attribute. See At t ri but e
Complexity

The complexity is defined by the complexity of the its definition.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::ascii::space_type;
using boost::spirit::int_;

usi ng boost::spirit::qi::grammar;
using boost::spirit::qi::rule;

Basic grammar usage:

struct numlist : grammar<char const*, space_type>

{
numlist() : base_type(start)
{
usi ng boost::spirit::int_
num = int_;
start = num>> *(' ' >> num;
}
rul e<char const*, space_type> start, num
i

How to use the example grammar:

numlist nlist;
test _phrase_parser("123, 456, 789", nlist);

Numeric Parsers

The library includes a couple of predefined objects for parsing signed and unsigned integers and real numbers. These parsers are
fully parametric. Most of the important aspects of numeric parsing can be finely adjusted to suit. This includes the radix base, the
minimum and maximum number of allowabl e digits, the exponent, the fraction etc. Policies control the real number parsers' behavior.
There are some predefined policies covering the most common real number formats but the user can supply her own when needed.

The numeric parsersarefine tuned (employing loop unrolling and extensive templ ate metaprogramming) with exceptional performance
that rivalsthelow level C functionssuchasat of , st rt od, at ol ,strt ol . Benchmarksrevea up to 4X speed over the C counterparts.
This goes to show that you can write extremely tight generic C++ code that rivals, if not surpasses C.
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Module Header

/1 forwards to <boost/spirit/home/qi/nuneric. hpp>
#i ncl ude <boost/spirit/include/qi_nuneric. hpp>

Also, see Include Structure.

Unsigned Integer Parsers (uint_, etc.)
Description

Theui nt _par ser classisthesimplest among the members of the numerics package. Theui nt _par ser can parseunsigned integers
of arbitrary length and size. The ui nt _par ser parser can be used to parse ordinary primitive C/C++ integers or even user defined
scalars such asbigints (unlimited precision integers) aslong as the type follows certain expression requirements (documented bel ow).
Theui nt _par ser isatemplate class. Template parameters fine tune its behavior.

Header

/'l forwards to <boost/spirit/honme/qi/nuneric/uint.hpp>
#i ncl ude <boost/spirit/include/qi_uint.hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lit // alias: boost::spirit::qi::lit

boost::spirit::bin // alias: boost::spirit::qgi::bin
boost::spirit::oct // alias: boost::spirit::qgi::oct
boost::spirit::hex // alias: boost::spirit::qi::hex
boost::spirit::ushort_ // alias: boost::spirit::qi::ushort_
boost::spirit::ulong_ // alias: boost::spirit::qi::ulong_
boost::spirit::uint_ // alias: boost::spirit::qi::uint_

boost::spirit::ulong_long // alias: boost::spirit::qi::ulong_long

S Note
ul ong_I ong is only available on platforms where the preprocessor constant BOOST _HAS LONG LONGis defined
(i.e. on platforms having native support for unsi gned | ong | ong (64 hit) unsigned integer types).

g Note
l'it isreused by the Character Parsers, and the Numeric Parsers. In general, a char parser is created when you pass
in a character, and a numeric parser is created when you use a numeric literal.
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Synopsis

template <
typename T
unsi gned Radi x
unsigned MnDigits
int MaxDigits>
struct uint_parser;

Template parameters

Parameter

T

Radi x

MnDigits

MaxDigits

Model of

PrimtiveParser

Notation

Description

The numeric base type of the numeric
parser.

Theradix base. This can be any basefrom
2.10and 16

The minimum number of digitsallowable.
The maximum number of digits allow-

able. If thisis-1, then the maximum limit
becomes unbounded.

n An object of T, the numeric base type.

Default

none

10

num Numeric literal, any unsigned integer value, or a Lazy Argument that evaluates to a unsigned integer value.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .
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Expression

ushort _

ui nt _

ul ong_

ul ong_I ong

lit(num

ushort _(num
uint_(num

ul ong_(num

ul ong_Il ong(num

bin
oct
hex

bi n( num
oct (num
hex(num

ui nt _parser<
T, Radix, MnDigits, MaxDigits
>()

ui nt _parser<
T, Radix, MnDigits, MaxDigits
>() (num

Semantics

Parse an unsigned integer using the default radix (10).

Match the literal numusing the default radix (10). The parser
will fail if the parsed value is not equal to the specified value.

Parse an unsigned integer using radix 2 for bi n, radix 8 for oct ,
and radix 16 for hex.

Match the literal numusing radix 2 for bi n, radix 8 for oct,
and radix 16 for hex. The parser will fail if the parsed value is
not equal to the specified value.

Parse an unsigned integer of type T using radix Radi x, with a
minimum of M nDi gi t s and amaximum of MaxDi gi t s.

Match the literal numof type T using radix Radi x, with amin-
imum of M nDigits and a maximum of MaxDi gits. The
parser will fail if the parsed value is not equal to the specified
value.

2 Im portant
All numeric parsers check for overflow conditions based on thetype T the corresponding ui nt _par ser <> hasbeen
instantiated with. If the parsed number overflows thistype the parsing fails. Please be aware that the overflow check
is not based on the type of the supplied attribute but solely depends on the template parameter T.
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Attributes

Expression

lit(num

ushort _
ushort _(num

ui nt _

ui nt _(num
bi n

bi n( num
oct

oct (num
hex
hex(num

ul ong_
ul ong_(num

ul ong_Il ong
ul ong_I ong( num

ui nt _par ser <

T, Radix, MnDigits,
>.()
ui nt _parser<
T, Radix, MnDigits,
>() (num
Complexity

MaxDi gits

MaxDi gits

Attribute

unused

unsi gned short

unsi gned i nt

unsi gned | ong

boost: :ul ong_| ong_type

O(N), where N is the number of digits being parsed.

Minimum Expression Requirements for T

For the numeric base type, T, the expression requirements below must be valid:
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Expression Semantics

T() Default construct.

T(0) Construct fromani nt .

n+n Addition.

n*n Multiplication.

std::numeric_limts<T> :is_bounded true orfal se if T bounded.

std::nuneric_limts<T> :digits Maximum Digits for T, radix digits. Required only if T is
bounded.

std::nuneric_limnts<T> :digitsl0 Maximum Digitsfor T, base 10. Required only if T is bounded.

std::numeric_limts<T> :max() Maximum value for T. Required only if T is bounded.

std::numeric_limts<T> :mn() Minimum value for T. Required only if T is bounded.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost : : phoeni x: : val ;

using boost::spirit::qi::lit;

usi ng boost::spirit::qi::uint_;
usi ng boost::spirit::qi::uint_parser;

Basic unsigned integers:

/'l unsigned int

test _parser("12345", uint_);
test_parser("12345", uint_(12345));

test _parser("12345", uint_(val (12345)));

/1 literals
test_parser("12345", 1it(12345));
test _parser("12345", lit(val (12345)));

Thousand separated number parser:

ui nt _par ser <unsi gned, 10, 1, 3> uint3_p; /1 1..3 digits
ui nt _par ser <unsi gned, 10, 3, 3> uint3_3_p; /1l exactly 3 digits
test_parser("12,345,678", uint3_p >> *('," >>uint3_3_p));
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Signed Integer Parsers (i nt _, etc.)
Description

Thei nt _par ser can parse signed integers of arbitrary length and size. Thisis almost the same as the ui nt _par ser . The only
difference is the additional task of parsingthe' +' or'-' sign preceding the number. The class interface is the same as that of the
ui nt _parser.

Thei nt _par ser parser can be used to parse ordinary primitive C/C++ integers or even user defined scalars such as bigints (unlimited
precision integers) as long as the type follows certain expression requirements (documented below).

Header

/1l forwards to <boost/spirit/home/qi/nuneric/int.hpp>
#i ncl ude <boost/spirit/include/qgi _int.hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lit // alias: boost::spirit::qgi::lit

boost::spirit::short_ // alias: boost::spirit::qgi::short_

boost::spirit::int_ // alias: boost::spirit::qi::int_
boost::spirit::long_ // alias: boost::spirit::qi::long_
boost::spirit::long_long // alias: boost::spirit::qi::long_|long

S Note
| ong_| ong is only available on platforms where the preprocessor constant BOOST_HAS _LONG _LONG is defined
(i.e. on platforms having native support for si gned | ong | ong (64 bit) unsigned integer types).

S Note
l'it isreused by the Character Parsers, and the Numeric Parsers. In general, a char parser is created when you pass
in a character, and a numeric parser is created when you use a numeric literal.

Synopsis

template <
typename T
unsi gned Radi x
unsigned MnDigits
int MaxDigits>
struct int_parser;
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Template parameters

Parameter Description Default
T The numeric base type of the numeric none
parser.

Radi x Theradix base. Thiscan beany basefrom 10
2.10 and 16
MnDigits Theminimum number of digitsallowable. 1
MaxDi git's The maximum number of digits alow- -1
able. If thisis-1, then the maximum limit
becomes unbounded.
Model of

PrimtiveParser

Notation

n An object of T, the numeric base type.

num Numeric literal, any signed integer value, or aLazy Argument that evaluates to a signed integer value.
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression Semantics

short Parse a signed integer using the default radix (10).

int_
| ong_
| ong_Il ong

Match the literal numusing the default radix (10). The parser

1t (num will fail if the parsed value is not equal to the specified value.

short _(num
int_(num

I ong_( num

| ong_Il ong( num

Parse a signed integer of type T using radix Radi x, with a

i nt_parser< - e . o
minimum of M nDi gi t s and amaximum of MaxDi gi ts.

T, Radix, MnDigits, MaxDigits
>()

. Match the literal numof type T using radix Radi x, with amin-
i nt _parser< . f M nDi ai d . " o Th
T Radix, MnDigits, MaxDigits imum of M nDigits and a maximum of MaxDigits. The
>() (num p:lrser will fail if the parsed value is not equal to the specified
value.
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2 I mportant

All numeric parsers check for overflow conditions based on thetype T the corresponding i nt _par ser <> has been
instantiated with. If the parsed number overflowsthistype the parsing fails. Please be aware that the overflow check
is not based on the type of the supplied attribute but solely depends on the template parameter T.

Attributes
Expression Attribute
Li t (num unused
short short
short _(num
int_ hnt
int_(num
l ong__ | ong
I ong_( num
| ong_l ong boost: : 1 ong_l ong_type

I ong_l ong( num

i nt _parser<

T, Radix, MnDigits, MaxDigits
>()
i nt_parser<

T, Radix, MnDigits, MaxDigits
>() (num

Complexity
O(N), where N isthe number of digits being parsed plus the sign.
Minimum Expression Requirements for T

For the numeric base type, T, the expression requirements below must be valid:
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Expression
T()

T(0)

std::numeric_limts<T>:

std::numeric_|imts<T>:

std::nuneric_|limts<T>::
std::nunmeric_limts<T>:

std::numeric_limts<T>:

Example

11 s_bounded

cdigits

digitsl0
max()

mon()

Semantics

Default construct.

Construct fromani nt .
Addition.

Subtraction.

Multiplication.

true orfal se if T bounded.

Maximum Digits for T, radix digits. Required only if T is
bounded.

Maximum Digitsfor T, base 10. Required only if T is bounded.
Maximum value for T. Required only if T is bounded.

Minimum value for T. Required only if T is bounded.

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost : : phoeni x: : val ;

usi ng boost::spirit::q
usi ng boost::spirit::q

Basic signed integers:

/'l signed int

test _parser("+12345",
test _parser("-12345",
test parser("+12345",
test _parser("-12345",
test parser("+12345",
test _parser("-12345",

/'l literals

test parser("+12345",
test _parser("-12345",
test parser("+12345",
test _parser("-12345",

ioolit:
icint_;

nt_);

nt_);
nt_(12345));
nt_(-12345));
nt _(val (12345))
nt _(val (-12345)

E
)

lit(12345));
lit(-12345));
lit(val (12345)));
lit(val (-12345)));

)
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Real Number Parsers (f1 oat _, doubl e_, etc.)
Description

Ther eal _par ser can parse real numbers of arbitrary length and size limited by its template parameter, T. The numeric base type
T can be a user defined numeric type such as fixed_point (fixed point reals) and bignum (unlimited precision numbers) as long as
the type follows certain expression requirements (documented below).

Header

/1 forwards to <boost/spirit/home/qi/nuneric/real.hpp>
#i ncl ude <boost/spirit/include/qi_real.hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lit // alias: boost::spirit::qi::lit

boost::spirit::float_ // alias: boost::spirit::qi::float_
boost::spirit::double_ // alias: boost::spirit::qi::double_

boost::spirit::long_double // alias: boost::spirit::qi::long_double

S Note
l'it isreused by the Character Parsers, and the Numeric Parsers. In general, a char parser is created when you pass
in a character, and a numeric parser is created when you use a numeric literal.

Synopsis

tenpl ate <typenane T, typenane Real Poli ci es>
struct real _parser;

Template parameters

Parameter Description Default
T The numeric base type of the numeric none
parser.
Real Pol i ci es Policies control the parser's behavior. real _policies<T>
Model of

PrimtiveParser

Notation
n An object of T, the numeric base type.

num  Numeric literal, any real value, or aLazy Argument that evaluates to areal value.
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RP A Real Pol i ci es (type).

exp A'i nt exponent.

b A bool flag.

f,l Forwar dl t er at or . first/last iterator pair.
Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri nmi ti vePar ser.

Expression Semantics
f1 oat Parse areal using the default policies (r eal _pol i ci es<T>).
doubl e_

| ong_doubl e

Match the litera num using the default policies

H Lg{‘u?’num} (real _pol i ci es<T>). The parser will fail if the parsed value
doubl e_(num is not equal to the specified value.

| ong_doubl e( hum

real parser < Parse areal of type T using Real Pol i ci es.

T, Real Policies

>()

real parser< Match the literal num of type T using Real Pol i ci es. The
?p Real Pol i ci es parser will fail if the parsed value is not equal to the specified

>() (num value.
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Attributes
Expression Attribute
Lit (num unused
f1oat fl oat
float_(num
doubl e_ doubl e
doubl e_( num

| ong_doubl e | ong doubl e

| ong_doubl e( num

real _parser<
T, Real Policies

>()
real _parser<
T, Real Policies

>() (num

Complexity
O(N), where N is the number of characters (including the digits, exponent, sign, etc.) being parsed.
Minimum Expression Requirements for T

The numeric base type, T, the minimum expression requirements listed below must be valid. Take note that additional requirements
may be imposed by custom policies.
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Expression
T()

T(0)

std::numeric_limts<T>::is_bounded

std::numeric_|limts<T> :digits

std::nuneric_|limts<T> :digitsl0
std::numeric_|imts<T> :max()
std::numeric_|imts<T> :mn()

boost::spirit::traits::scal e(exp, n)

boost::spirit::traits::negate(b, n)

boost::spirit::traits::is_equal _to_one(n)

Semantics

Default construct.

Construct fromani nt .
Addition.

Subtraction.

Multiplication.

true orfal se if T bounded.

Maximum Digits for T, radix digits. Required only if T is
bounded.

Maximum Digitsfor T, base 10. Required only if T is bounded.
Maximum value for T. Required only if T is bounded.
Minimum value for T. Required only if T is bounded.

Multiply n by 10”exp. Default implementation is provided for
fl oat, doubl e and! ong doubl e.

Negate n if b ist r ue. Default implementation is provided for
fl oat, doubl e and| ong doubl e.

Return t rue if n is equal to 1. 0. Default implementation is
provided for f | oat , doubl e and | ong doubl e.

@ Note
The additional spirit real number traits above are provided to alow custom implementations to implement efficient
real number parsers. For example, for certain custom real numbers, scaling to a base 10 exponent is a very cheap

operation.

Real Pol i ci es

TheReal Pol i ci es template parameter is aclass that groups al the policies that control the parser's behavior. Policies control the

real number parsers behavior.

Thedefaultisr eal _pol i ci es<T>. Thedefaultisprovided to take care of the most common case (there are many waysto represent,
and hence parse, real numbers). In most cases, the default policies are sufficient and can be used straight out of the box. They are
designed to parse C/C++ style floating point numbers of the form nnn. f f f . Eeee where nnn isthe whole number part, f f f isthe
fractional part, Eis' e' or' E' and eee isthe exponent optionally preceded by ' -* or ' +' with the additional detection of NaN
and Inf as mandated by the C99 Standard and proposed for inclusion into the C++0x Standard: nan, nan(...), inf and infinity (the
matching is case-insensitive). This corresponds to the following grammar:
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sign
= ity |
nan
= -lit("1.0#") >> no_case["nan"]
>> -("(" >> *(char_ - ")) >> "))
i nf

= no_case[lit("inf") >> -lit("inity")]

floating_literal
= -sign >>
( nan
| i nf
| fractional _constant >> ! exponent_part
| +digit >> exponent_part

fractional _constant
= *digit > "'.'" >> +digit
| +digit >> -lit('.")

exponent _part
= (lit('e") | "E) >> -sign >> +digit

There are four Real Pol i ci es predefined for immediate use:

Table 4. Predefined Policies

Policies Description

ureal _polici es<doubl e> Without sign.

real _polici es<doubl e> With sign.

strict_ureal _policies<doubl e> Without sign, dot required.
strict_real _policies<doubl e> With sign, dot required.

S Note
Integers are considered a subset of real numbers, so for instance, doubl e_ recognizes integer numbers (without a
dot) just as well. To avoid this ambiguity, strict_ureal _policies andstrict_real policies requirea
dot to be present for a number to be considered a successful match.

Real Pol i ci es Expression Requirements

For models of Real Pol i ci es the following expressions must be valid:
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Expression

RP: : al | ow_| eadi ng_dot

RP: :
RP:

RP:

RP: :

RP: :

Thepar se_nan and par se_i nf functions get called whenever:

or

al low_trailing_dot

:expect _dot

:parse_n(f,

: parse_dot (f,

:parse_sign(f, 1)

I, n)

1)

parse_frac_n(f, |, n)

: parse_exp(f,

s parse_nan(f,

parse_inf (f,

1)

:parse_exp_n(f, |, n)

I, n)

I, n)

Semantics

Allow leading dot.
Allow trailing dot.
Require a dot.

Parse the prefix sign (e.g. -"). Returnt r ue if successful, other-
wisef al se.

Parse the integer at the left of the decimal point. Return t r ue
if successful, otherwise f al se. If successful, place the result
into n.

Parse the decimal point. Return t r ue if successful, otherwise
fal se.

Parse the fraction after the decimal point. Return t r ue if suc-
cessful, otherwisef al se. If successful, place the result into n.

Parse the exponent prefix (e.g. '€). Return t r ue if successful,
otherwisef al se.

Parsethe actual exponent. Returnt r ue if successful, otherwise
f al se. If successful, place the result into n.

Parse a NaN. Return t r ue if successful, otherwise f al se. If
successful, place the result into n.

Parse an Inf. Return t r ue if successful, otherwise f al se. If
successful, place the result into n.

anumber to parse does not start with adigit (after having successfully parsed an optional sign)

after areal number of the value 1 (having no exponential part and afractional part value of 0) has been parsed.

Thefirst call recognizes representations of NaN or Inf starting with anon-digit character (such as NaN, Inf, QNaN etc.). The second
call recognizes representation formats starting with a 1. 0 (such as" 1. 0#NAN" or " 1. O#| NF" etc.).

The functions should return true if aNan or Inf has been found. In this case the attribute n should be set to the matched value (NaN

or Inf). The optional sign will be automatically applied afterwards.

Real Pol i ci es Specializations

The easiest way to implement a proper real parsing policy isto derive a new type from the typer eal _pol i ci es while overriding
the aspects of the parsing which need to be changed. For example, here's the implementation of the predefined
strict_real _policies:

tenpl ate <typenane T>

struct strict_real _policies :

{
b

static bool

const expect_dot

real _policies<T>

= true;
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Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

using boost::
using boost::
using boost::
using boost::

phoeni x: : val
spirit::qgi::double_;
spirit::qgi::real_parser;
spirit::qgi::lit;

Basic real number parsing:

/'l doubl e

test _parser ("
test _parser ("
test _parser ("
test _parser ("
test _parser ("
test _parser ("

/'l literals

test _parser ("
test _parser ("
test _parser ("
test _parser ("

+12345e6",
-12345e6",
+12345e6",
-12345e6",
+12345e6",
-12345e6",

+12345e6",
-12345e6",
+12345e6",
-12345e6",

A custom real number policy:

doubl e );

doubl e );

doubl e_(12345€6));

doubl e_(-123456€6));
doubl e_(val (12345€6)))
doubl e_(val (-123456¢€6)))

lit(12345€6));
lit(-123456€6));
lit(val (12345€e6)));
lit(val (-123456€6)));
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NN NNy

/1
/1
/1

These policies can be used to parse thousand separated
nunbers with at nost 2 decinmal digits after the deci nal
point. e.g. 123, 456, 789. 01

TEELEEEEEE i rrrrrrrrrrrrr
tenpl ate <typenane T>
struct ts_real _policies : boost::spirit::qi::ureal_policies<T>

{

/1 2 decimal places Mx
tenpl ate <typenane Iterator, typenane Attribute>
static bool
parse_frac_n(lterator& first, lterator const& last, Attribute& attr)
{
return boost::spirit::qi::
extract _uint<T, 10, 1, 2, true> :call(first, last, attr);

}

/1 No exponent

tenpl ate <typenane |terator>

static bool

parse_exp(lterator& Iterator const&)

{
}

return fal se;

/1 No exponent

tenpl ate <typenane Iterator, typenane Attribute>
static bool

parse_exp_n(lterator& Iterator const& Attributeg&)

{
}

return fal se;

/1 Thousands separated nunbers
tenpl ate <typenane Iterator, typenane Attribute>
static bool
parse_n(lterator& first, Iterator const& last, Attribute& attr)
{
using boost::spirit::qi::uint_parser;
nanmespace qi = boost::spirit::qi;

ui nt _par ser <unsi gned, 10, 1, 3> uint3;
ui nt _par ser <unsi gned, 10, 3, 3> uint3_3;

Tresult = 0;
if (parse(first, last, uint3, result))
{

bool hit = fal se;

T n;

Iterator save = first;

while (qi::parse(first, last, ',') && qi::parse(first, |ast,
{

result = result * 1000 + n;

save = first;

hit = true;

}

first = save;
if (hit)

ui nt 3_3,

n))
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attr = result;
return hit;

}

return fal se;

And its use:

real _parser<double, ts_real _policies<double> > ts_real;
test _parser("123, 456, 789. 01", ts_real);
test _parser("123, 456, 789. 01", ts_real (123456789.01));

Boolean Parser (bool _)

Description

Thebool _par ser can parse booleans of arbitrary type, B. The boolean base type T can be a user defined boolean type as long as
the type follows certain expression requirements (documented below).

Header

/'l forwards to <boost/spirit/hone/qi/nuneric/bool.hpp>
#i ncl ude <boost/spirit/include/qi_bool . hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::bool_ // alias: boost::spirit::qi::bool _
boost::spirit::true_ // alias: boost::spirit::qi::true_
boost::spirit::false_// alias: boost::spirit::qi::false_
Synopsis

tenpl ate <typenane T, typenane Bool eanPol i ci es>
struct bool _parser;

Template parameters

Parameter Description Default

B The boolean type of the boolean parser.  bool

Bool eanPol i ci es Policies control the parser's behavior. bool _pol i ci es<B>
Model of

PrimtiveParser
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Notation

BP A boolean Pol i ci es (type).

b An object of B, the numeric base type.

bool ean  Numeric literal, any boolean value, or a Lazy Argument that evaluates to a boolean value.

f,l Forwar dl t er at or . first/last iterator pair.

attr An attribute value.

Context  Thetype of the parse context of the current invocation of the bool _ parser.

ctx An instance of the parse context, Cont ext .

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression

bool _

I'it(bool ean)
bool _( bool ean)

true_
fal se_

bool _parser<
T, Bool Policies

>()

bool _parser<
T, Bool Policies
>() (bool ean)

Semantics

Parse a boolean using the default policies
(bool _pol i ci es<T>).

Match the literal bool ean using the default policies
(bool _pol i ci es<T>). The parser will fail if the parsed value
is not equal to the specified value.

Match"true" and" f al se", respectively.

Parse areal of type T using Bool Pol i ci es.

Matchtheliteral bool ean of typeT using Bool Pol i ci es. The
parser will fail if the parsed value is not equal to the specified
vaue.

@ Note
All boolean parsers properly respect theno_case[] directive.
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Attributes
Expression Attribute
. unused
l'it(bool ean)
bool
true_
fal se_
bool _
bool _( bool ean)
T

bool _parser<
T, Bool Policies

>()
bool _parser<
T, Bool Policies

>() (num

Complexity
O(N), where N is the number of characters being parsed.
Minimum Expression Requirements for B

The boolean type, B, the minimum expression requirements listed below must be valid. Take note that additional requirements may
be imposed by custom policies.

Expression Semantics
B( bool ) Constructible from abool .

Boolean Pol i ci es

The boolean Pol i ci es template parameter is a class that groups all the policies that control the parser's behavior. Policies control
the boolean parsers behavior.

The default isbool _pol i ci es<bool >. The default is provided to take care of the most common case (there are many ways to
represent, and hence parse, boolean numbers). In most cases, the default policies are sufficient and can be used straight out of the
box. They are designed to parse boolean value of theform "t rue” and"f al se".

Boolean Pol i ci es Expression Requirements

For models of boolean Pol i ci es the following expressions must be valid:

Expression Semantics
BP: :parse_true(f, |, attr, ctx) Parse at r ue value.
BP: : parse_fal se(f, |, attr, ctx) Parse af al se value

The functions should return true if the required representations of t r ue or f al se have been found. In this case the attribute n should
be set to the matched value (t r ue or f al se).
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Boolean Pol i ci es Specializations

The easiest way to implement a proper boolean parsing policy is to derive a new type from the the type bool _pol i ci es while
overriding the aspects of the parsing which need to be changed. For example, here's the implementation of a boolean parsing policy
interpreting the string " eur t " (i.e. "true" spelled backwards) asf al se:

struct backwards_bool policies : qi::bool _policies<>

{
/1 we want to interpret a 'true' spelled backwards as 'fal se'
tenpl ate <typenane lterator, typenane Attribute, typenane Context>
static bool
parse_false(lterator& first, lterator const& last, Attribute& attr, Contexté& ctx)
{
nanespace qi = boost::spirit::qgi;
if (qgi::detail::string _parse("eurt", first, last, qi::unused, qi::unused))
{
spirit::traits::assign_to(false, attr, ctx); /'l result is false
return true;
}
return fal se;
}
¥
Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost : : phoeni x: : val ;

usi ng boost::spirit::qi::bool_;

usi ng boost::spirit::qi::bool _parser;
using boost::spirit::qi::lit;

Basic real number parsing:

/1 bool

test_parser("true", bool _);

test _parser("fal se", bool_);
test_parser("true", bool _(true));

test _parser("fal se", bool_(false));

test _parser("true", bool _(val(true)));
test _parser(“"fal se", bool_(val (false)));

/Il literals

test_parser("true", lit(true));
test_parser(“false", lit(false));
test_parser("true", lit(val(true)));
test_parser(“"false", lit(val(false)));

A custom real number policy:
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TEELEEEEEE i rrrrrrrrrrrrr
/1l These policies can be used to parse "eurt" (i.e. "true" spelled backwards)
/1l as "false’

TEELEEEEE i rrrrrrrrrrrrrr
struct backwards_bool _policies : boost::spirit::qi::bool_policies<>

{
/1 we want to interpret a '"true' spelled backwards as 'fal se'
tenpl ate <typenane Iterator, typenane Attribute>
static bool
parse_false(lterator& first, Iterator const& last, Attribute& attr)
{
nanmespace qi = boost::spirit::qi;
if (qgi::detail::string_parse("eurt", first, last, qi::unused))
{
nanespace traits = boost::spirit::traits;
traits::assign_to(false, attr); /'l result is false
return true;
}
return fal se;
}
b
Anditsuse

bool _parser<bool, backwards_bool _polici es> backwards_bool ;
test _parser("true", backwards_bool);

test_parser("eurt", backwards_bool);

test_parser("true", backwards_bool (true));

test _parser("eurt", backwards_bool (fal se));

Parser Operators

Operators are used as ameans for object composition and embedding. Simple parsers may be composed to form composites through
operator overloading, crafted to approximate the syntax of Parsing Expression Grammar (PEG). An expression such as:

al b

yields anew parser type which is a composite of its operands, a and b.

This module includes different parsers which get instantiated if one of the overloaded operators is used with more primitive parser
constructs. It includes Alternative (| ), And-predicate (unary &), Difference (- ), Expect (>), Kleene star (unary *), Lists (%9, Not-
predicate (! ), Optional (unary - ), Permutation ("), Plus (unary +), Sequence (>>), and Sequential-Or (| | ).

Module Header

/1 forwards to <boost/spirit/hone/qi/operator. hpp>
#i ncl ude <boost/spirit/include/gi _operator.hpp>

Also, see Include Structure.
Alternative Parser (a | b)
Description

The alternative operator, a | b, matches one of two or more operands (a, b, ... etc.):

al b
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Alternative operands are tried one by one on afirst-match-wins basis starting from the leftmost operand. After asuccessfully matched
alternative is found, the parser concludes its search, essentially short-circuiting the search for other potentially viable candidates.
This short-circuiting implicitly gives the highest priority to the leftmost aternative.

Short-circuiting is done in the same manner as C or C++'slogical expressions; eg.if (x < 3 || y < 2) wherg if x < 3,the
y < 2testisnot doneat all. In addition to providing an implicit priority rule for aternatives which is necessary, given its non-de-

terministic nature, short-circuiting improves the execution time. If the order of your alternativesis logically irrelevant, strive to put
the (expected) most common choice first for maximum efficiency.

Header

/1 forwards to <boost/spirit/hone/qi/operator/alternative. hpp>
#i ncl ude <boost/spirit/include/qi_alternative. hpp>

Also, see Include Structure.
Model of

Nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yPar ser .

Expression Semantics
al| b Match a or b.
Attributes

See Compound Attribute Notation.

Expression Attribute
al b

A b: B-->(a | b): variant<A B>

A, b: Unused --> (a | b): optional <A>

A b: B, c: Unused -->(a | b | c): optionO
al <vari ant <A, B> >

a: Unused, b: B --> (a | b): optional <B>

a: Unused, b: Unused --> (a | b): Unused

a A b: A-->(a| b): A

Lo

S Note
Alternative parsers do not roll back changes made to the outer attribute because of afailed alternative. If you need
to enforce that only the succeeded alternative changes the outer attribute please utilize the directive hol d[ ] .

Complexity

The overall complexity of the alternative parser is defined by the sum of the complexities of its elements. The
complexity of the alternative parser itself is O(N), where N is the number of alternatives.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::ascii::string;
usi ng boost::spirit::qi::int_;
usi ng boost::spirit::qi::_1;

usi ng boost::variant;

Simple usage:
test_parser("Hello", string("Hello") | int_);
test_parser("123", string("Hello") | int_);

Extracting the attribute variant (using Boost.Variant):

variant<std::string, int> attr;
test _parser_attr("Hello", string("Hello") | int_, attr);

Thisshould print " Hel | 0" . Note: There are better waysto extract the value from the variant. See Boost.Variant visitation. This code
is solely for demonstration.

if (boost::get<int>(&attr))
std::cout << boost::get<int>(attr) << std::endl;
el se
std::cout << boost::get<std::string>(attr) << std::endl;

Extracting the attributes using Semantic Actions with Phoenix (this should print 123):

test_parser("123", (string("Hello") | int_)[std::cout << _1 << std::endl]);

And-Predicate Parser (&a)
Description

Syntactic predicates assert a certain conditional syntax to be satisfied before evaluating another production. Similar to semantic
predicates, eps, syntactic predicates do not consume any input. The and-predicate, &a, is a positive syntactic predicate that returns
azero length match only if its predicate matches.

Header

/1l forwards to <boost/spirit/home/qi/operator/and_predicate. hpp>
#i ncl ude <boost/spirit/include/qi_and_predicate. hpp>

Also, see Include Structure.
Model of

Unar yPar ser
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Notation
a A Parser
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
&a If the predicate a matches, return azero length match. Otherwise,
fail.
Attributes

See Compound Attribute Notation.

Expression Attribute
&a unused_t ype
Complexity

The complexity is defined by the complexity of the predicate, a

Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
using boost::spirit::lit;

Basic look-ahead example: make sure that the last character is a semicolon, but don't consume it, just peek at the next character:
test _phrase_parser("Hello ;", lit("Hello") >> &lit(';"'), false);

Difference Parser (a - b)

Description

The difference operator, a - b, isahbinary operator that matches the first (LHS) operand but not the second (RHS). 8

Header

/1 forwards to <boost/spirit/home/qi/operator/difference. hpp>
#i ncl ude <boost/spirit/include/qi_difference. hpp>

Also, see Include Structure.

8 Unlike classic Spirit, with Spirit2, the expression will always fail if the RHS is a successful match regardiess if the RHS matches less characters. For example, the
rulel i t (" policeman”) - "police" will dwaysfail to match. Spirit2 does not count the matching chars while parsing and there is no reliable and fast
way to check if the LHS matches more than the RHS.
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Model of

Bi nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Bi nar yPar ser .

Expression Semantics
a-»b Parse a but not b.
Attributes

See Compound Attribute Notation.
Expression Attribute

a-b aa A b B-->(a-b): A

a: Unused, b: B --> (a - b): Unused

Complexity
The complexity of the difference parser is defined by the sum of the complexities of both operands.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
usi ng boost::spirit::ascii::char_;
Parse a C/C++ style comment:
test _parser("/*A Conment*/", "/*" >> *(char_ - "*/") >> "*[");

Expectation Parser (a > b)

Description

There are occasionsin which it is expected that the input must match a particular parser or the input isinvalid. Such cases generally
arise after matching a portion of a grammar, such that the context is fully known. In such a situation, failure to match should result
in an exception. For example, when parsing an e-mail address, after matching a name and " @" there must be adomain name or the

addressisinvalid.

The expectation operator (>) requires that the following parser match the input or an exception is emitted. Using on_error(), that

exception can be handled by calling a handler with the context at which the parsing failed can be reported.
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By contrast, the follows operator (>>) does not require that the following parser match the input, which allows for backtracking or
simply returning false from the parse() function with no exceptions.

Like the Sequence, the expectation operator, a > b, parsestwo or more operands (a, b, ... €tc.), in sequence:
a>b>...

However, while the plain Sequence simply returns a no-match (returns f al se) when one of the elements fail, the expectation: >
operator throws an expect ati on_f ai | ur e<I t er > when the second or succeeding operands (all operands except thefirst) fail to
match.

Header

/1 forwards to <boost/spirit/home/qi/operator/expect. hpp>
#i ncl ude <boost/spirit/include/qgi_expect. hpp>

Also, see Include Structure.
Model of

Nar yPar ser

Notation

a,b A Par ser

Iter A Forwardlterator type
Expectation Failure

When any operand, except the first, fail to match an expect ati on_f ai | ur e<I t er > isthrown:

tenpl ate <typenane Iter>
struct expectation_failure : std::runtinme_error

{
Iter first; /1 [first, last) iterator pointing
Iter |ast; /1 to the error position in the input.
info what _; /1 Information about the nature of the error.
i

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yPar ser .

Expression Semantics

a>b Match a followed by b. If a fails, no-match. If b fails, throw an
expectation_failure<lter>

Attributes

See Compound Attribute Notation.
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Expression Attribute
a>b a: A b: B-->(a > b): tuple<A B>
a: A b: Unused --> (a > b): A
a: Unused, b: B--> (a >b): B
a: Unused, b: Unused --> (a > b): Unused

a: A b: A-->(a > b): vector<A>

a: vector<A>, b: A--> (a > b): vector<A>

a: A b: vector<A> --> (a > b): vector<A>

a: vector<A>, b: vector<A> --> (a > b): vecO
t or <A>

Complexity

The overall complexity of the expectation parser is defined by the sum of the complexities of its elements. The
complexity of the expectation operator itself is O(N), where N is the number of elementsin the sequence.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

using boost::spirit::ascii::char_;
using boost::spirit::qi::expectation_failure;

The code below uses an expectation operator to throw an expect at i on_f ai | ur e with adeliberate parsing error when " 0" isex-
pected and "i " iswhat isfound in the input. The cat ch block prints the information related to the error. Note: Thisis low level
code that demonstrates the bare-metal. Typically, you use an Error Handler to deal with the error.

try
{
test_parser("xi", char_('x") > char_('0")); // should throw an exception
}
catch (expectation_failure<char const*> const& x)
{
std::cout << "expected: "; print_info(x.what_);
std::cout << "got: \"" << std::string(x.first, x.last) << '"' << std::endl;
}

The code above will print:

expected: tag: literal-char, value: o
got: "i"

Kleene Parser (xa)
Description

The kleene operator, * a, isa unary operator that matches its operand zero or more times.
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Header

/1 forwards to <boost/spirit/hone/qi/operator/kleene. hpp>
#i ncl ude <boost/spirit/include/qgi _kl eene. hpp>

Also, see Include Structure.
Model of

Unar yPar ser
Notation
a A Parser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
*a Match a zero or more times.
Attributes

See Compound Attribute Notation.

Expression Attribute

*a
a: A--> *a. vector<A>

a: Unused --> *a: Unused

Complexity

The overall complexity of the Kleene star is defined by the complexity of its subject, a, multiplied by the number
of repetitions. The complexity of the Kleene star itself is O(N), where N is the number successful repetitions.

Example

Note
S The test harness for the example(s) below is presented in the Basics Examples section.
Some using declarations:
using boost::spirit::qi::int_

Parse a comma separated list of numbers and put them in a vector:
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std::vector<int> attr;
test _phrase_parser_attr(
"111, 222, 333, 444, 555", int_ >> *(',' >>int_), attr);

std:: cout
<< attr[0] << ',' << attr[1l] << ',' << attr[2] <<
<< attr[3] << ',' << attr[4]

<< std::endl;

List Parser (a % b)

Description

Thelist operator, a % b, isabinary operator that matches alist of one or more repetitions of a separated by occurrences of b. This
isequivdlenttoa >> *(b >> a).

Header

/1 forwards to <boost/spirit/home/qi/operator/list.hpp>
#i ncl ude <boost/spirit/include/qi_list.hpp>

Also, see Include Structure.
Model of

Bi nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Bi nar yPar ser .

Expression Semantics
a%b Match alist of one or more repetitions of a separated by occur-

rencesof b. Thisisequivaenttoa >> *(b >> a).

Attributes

See Compound Attribute Notation.

Expression Attribute

0,
a %b a: A b: B-->(a %b): vector<A>

a: Unused, b: B --> (a %b): Unused

Complexity

The overall complexity of the List is defined by the complexity of its subject, a, multiplied by the number of repe-
titions. The complexity of the List itself is O(N), where N is the number successful repetitions.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
usi ng boost::spirit::qi::int_
Parse a comma separated list of numbers and put them in a vector:

std::vector<int> attr;
test _phrase_parser_attr(

"111, 222, 333, 444, 555", int_ %',', attr);
std: : cout

<< attr[0] << ',' << attr[1l] <<',' << attr[2] <<'

<< attr[3] << ',' << attr[4]

<< std::endl;

Not-Predicate Parser (! a)
Description

Syntactic predicates assert a certain conditional syntax to be satisfied before evaluating another production. Similar to semantic
predicates, eps, syntactic predicates do not consume any input. The not-predicate, ! a, is anegative syntactic predicate that returns
azero length match only if its predicate fails to match.

Header

/'l forwards to <boost/spirit/hone/qi/operator/not_predicate. hpp>
#i ncl ude <boost/spirit/include/qgi_not_predicate. hpp>

Also, see Include Structure.
Model of

Unar yPar ser
Notation
a A Parser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
la If the predicate a matches, fail. Otherwise, return a zero length
match.
Attributes

See Compound Attribute Notation.
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Expression Attribute
la unused_type
Complexity

The complexity is defined by the complexity of the predicate, a

Example

E Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::ascii::char_;
usi ng boost::spirit::ascii::al pha;
using boost::spirit::qi::lit;

usi ng boost::spirit::qi::synmbols;

Here's an alternativetothe*(r - x) >> x idiom using the not-predicate instead. This parses alist of characters terminated by a

test _parser("abcdef;", *(!lit(';') >> char_) >>"';");

Thefollowing parser ensures that we match distinct keywords (stored in a symbol table). To do this, we make sure that the keyword
does not follow an alpha or an underscore:

synbol s<char, int> keywords;
keywords = "begin", "end", "for"

/1 This should fail:
test _parser("beginner", keywords >> I(alpha | '_"));

/'l This is ok:
test_parser("end ", keywords >> !(alpha | '_'), false);

/'l This is ok:
test_parser("for()", keywords >> ! (alpha | '_"), false);

Optional Parser (-a)
Description
The optional operator, - a, isaunary operator that matches its operand zero or one time.

Header

/'l forwards to <boost/spirit/hone/qi/operator/optional.hpp>
#i ncl ude <boost/spirit/include/qi_optional.hpp>

Also, see Include Structure.
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Model of

Unar yPar ser

Notation

a A Parser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression

-a

Attributes

Semantics

Match a zero or one time.

See Compound Attribute Notation.

Expression

-a

Complexity

Attribute

a: A-->-a optional <A>
a: Unused --> -a: Unused

The complexity is defined by the complexity of the operand, a

Example

K

Note

The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng
usi ng
usi ng
usi ng
usi ng
usi ng

boost : :
boost : :
boost : :
boost :
boost :
boost : :

spirit::ascii::char_;
spirit::qi::lexene;
spirit::qi::int_;

:fusion::vector;
:fusion::at_c;

opti onal

Parse a person info with name (in quotes) optional age %and optional sex, all separated by comma.

9 James Bond is shy about his age :-)
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vector<std::string, optional<int> optional<char> > attr;

test _phrase_parser_attr(
"\"Janes Bond\", M

| exeme["'"" >> +(char_ - """) >>"""] /'l nane
>> - (', >>int)) /'l optional age
>> -('," >> char_) /1 optional sex
attr);
/1 Should print: Janmes Bond, M
std::cout << at_c<O0>(attr); /'l print name
if (at_c<l>(attr)) /1 print optional age
std::cout << ',' << *at_c<l>(attr);
if (at_c<2>(attr)) /1 print optional sex
std::cout << ',' << *at_c<2>(attr);

std::cout << std::endl;

Permutation Parser (a » b)
Description
The permutation operator, a ~ b, matches one or more operands (a, b, ... etc.) in any order:

a’™bnr . ..

The operands are the elementsin the permutation set. Each el ement in the permutation set may occur at most once, but not all elements
of the given set need to be present. Note that by this definition, the permutation operator is not limited to strict permutations.

For example:
char_('"a'") ~ '"b" ~'c'
matches:

"a", "ab", "abc", "cba", "bca" ... etc.

Header

/'l forwards to <boost/spirit/hone/qi/operator/permnutation. hpp>
#i ncl ude <boost/spirit/include/qi_pernutation. hpp>

Also, see Include Structure.
Model of

Nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yPar ser .
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Expression Semantics

a™b Match a or b in any order. Each operand may match zero or one
time aslong as at least one operand matches.

Attributes

See Compound Attribute Notation.

Expression Attribute

a”™b ) ) ) .
a: A b: B-->(a” b): tuple<optional <A> opQO

tional <B> >

a: A b: Unused --> (a ~ b): optional <A>

a: Unused, b: B --> (a ™ b): optional <B>

a: Unused, b: Unused --> (a ” b): Unused

Complexity

The overall complexity of the permutation parser is defined by the sum of the complexities of its elements, s,
multiplied by log s. The complexity of the permutation parser itself is O(N log N), where N is the number of ele-
ments.

Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
usi ng boost::spirit::ascii::char_;
Parse a string containing DNA codes (ACTG)
test _parser (" ACTGCCTAGACT", *(char_("A") ~'C ~'T ~'G));
Plus Parser (+a)
Description

The plus operator, +a, isa unary operator that matches its operand one or more times.

Header

/1 forwards to <boost/spirit/hone/qi/operator/plus.hpp>
#i ncl ude <boost/spirit/include/qi_plus. hpp>

Also, see Include Structure.
Model of

Unar yPar ser
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Notation
a A Parser
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yPar ser .

Expression Semantics
+a Match a one or more times.
Attributes

See Compound Attribute Notation.

Expression Attribute

+a
a: A--> +a. vector<A>

a. Unused --> +a: Unused

Complexity

The overall complexity of the Plusis defined by the complexity of its subject, a, multiplied by the number of repe-
titions. The complexity of the Plusitself is O(N), where N is the number successful repetitions.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::ascii::al pha;
usi ng boost::spirit::qi::|exemne;

Parse one or more strings containing one or more alphabetic characters and put them in a vector:

std::vector<std::string> attr;
test _phrase_parser_attr("yaba daba doo", +lexene[+al pha], attr);
std::cout << attr[0] << ',' << attr[1l] << ',' << attr[2] << std::endl;

Sequence Parser (a >> b)
Description

The sequence operator, a >> b, parses two or more operands (a, b, ... €tc.), in sequence:

a>>b > ...
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Header

/1 forwards to <boost/spirit/home/qi/operator/sequence. hpp>
#i ncl ude <boost/spirit/include/gi _sequence. hpp>

Also, see Include Structure.
Model of

Nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yPar ser .

Expression Semantics
a>>b Match a followed by b.
Attributes

See Compound Attribute Notation.

Expression Attribute
a>>b a: A b: B-->(a >> b): tuple<A B>
a: A b: Unused --> (a >> b): A
a: Unused, b: B--> (a >>b): B
a: Unused, b: Unused --> (a >> b): Unused

a: A b: A-->(a >>b): vector<A>

a: vector<A> b: A--> (a >> b): vector<A>
a: A b: vector<A> --> (a >> b): vector<A>
a: vector<A>, b: vector<A> --> (a >> b): vecO
t or <A>

Complexity

The overal complexity of the sequence parser is defined by the sum of the complexities of its elements. The
complexity of the sequenceitself isO(N), where N is the number of elementsin the sequence.

Example

Some using declarations:

usi ng boost::spirit::ascii::char_;
usi ng boost::spirit::qi::_1;

usi ng boost::spirit::qi::_2;
nanmespace bf = boost::fusion;
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S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Simple usage:
test _parser("xy", char_ >> char_);
Extracting the attribute tuple (using Boost.Fusion):

bf::vector<char, char> attr;
test _parser_attr("xy", char_ >> char_, attr);
std::cout << bf::at_c<O>(attr) << ',' << bf::at_c<l>(attr) << std::endl;

Extracting the attribute vector (using STL):

std::vector<char> vec;
test_parser_attr("xy", char_ >> char_, vec);
std::cout << vec[0] << ',' << vec[l] << std::endl;

Extracting the attributes using Semantic Actions (using Phoenix):

test_parser("xy", (char_ >> char_)[std::cout << _1 << ' ' << 2 << std::endl]);

Sequential Or Parser (a || b)
Description

The sequential-or operator,a || b, matchesa or b or a followed by b. That is, if both a and b match, it must be in sequence; this
isequivdenttoa >> -b | b:

all b
Header

/'l forwards to <boost/spirit/hone/qi/operator/sequential_or.hpp>
#i ncl ude <boost/spirit/include/qgi _sequential _or.hpp>

Also, see Include Structure.
Model of

Nar yPar ser
Notation
a,b A Par ser

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yPar ser .
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Expression Semantics
all b Match a or b in sequence. equivalenttoa >> -b | b
Attributes

See Compound Attribute Notation.

Expression Attribute
all b a: A b: B-->(a || b): tuple<optional <A>, opO

tional <B> >

a: A b: Unused --> (a
a: Unused, b: B --> (a
a: Unused, b: Unused -

b): optional <A>
b): optional <B>
a || b): Unused

a: A b: A-->(a || b): vector<optional <A> >

g Note
The sequential-or parser behaves attribute-wise very similar to the plain sequence parser (a >> b) in the sense that
it exposesthe attributes of its elements separately. For instance, if you attach a semantic action to the whole sequential -
or:
(int_ || int_)[print_pair(_1, _2)]
the function object pri nt _pai r would be invoked with the attribute of thefirsti nt _ (boost : : opti onal <i nt >)

asits first parameter and the attribute of the second i nt _ (boost : : opt i onal <i nt > aswell) asits second para-
meter.

Complexity

The overall complexity of the sequential-or parser is defined by the sum of the complexities of its elements. The
complexity of the sequential-or itself is O(N), where N is the number of elements in the sequence.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.
Some using declarations:
using boost::spirit::qi::int_

Correctly parsing a number with optional fractional digits:

test _parser("123.456", int_ || ('." >>int_)); [/ ful
test_parser("123", int_ || ('." >>int_])); /1 just the whol e nunber
test_parser(".456", int_ || ('." >>int_)); /1 just the fraction

A naive but incorrect solution would try to do this using optionals (e.g.):
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int_ >>-('"." >>1int_) [/ will not match ". 456"
-int_>>("." >>1int_) [// will not match "123"
-int_ >>-("." >>1int_) // will match enpty strings! Ooops.

Stream Parsers

This module includes the description of the different variants of the st r eamparser. It can be used to utilize existing streaming oper-
ators (oper at or >>(std: :istrean®, ...))forinputparsing.

Header

/'l forwards to <boost/spirit/honme/qi/stream hpp>
#i ncl ude <boost/spirit/include/qi _stream hpp>

Also, see Include Structure.
Stream Parsers (stream wstream €etc.)

Description

The st ream par ser isaprimitive which allows to use pre-existing standard streaming operators for input parsing integrated with
Soirit.Qi. It provides awrapper parser dispatching the underlying input stream to the stream operator of the corresponding attribute
type to be parsed. Any value a to be parsed using the st r eam par ser will result in invoking the standard streaming operator for
itstype A, for instance:

std::istream operator>> (std::istreami, Ag);

Header

/1 forwards to <boost/spirit/hone/qi/stream hpp>
#i ncl ude <boost/spirit/include/gi_stream hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::stream// alias: boost::spirit::qi::stream
boost::spirit::wstream// alias: boost::spirit::qgi::wstream
Synopsis

tenpl ate <typenane Char, typename Attrib>
struct stream parser;
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Template parameters

Parameter

Char

Attrib

Model of

PrimtiveParser

Notation

Description Default

The character type to use to generatethe char
input. Thistypewill be used while assign-

ing the generated charactersto the under-

lying input iterator.

The type of the attribute the spirit::basic_hol d_any<Char>
st ream par ser isexpected to parseits
input into.

s A variable instance of any type with a defined matching streaming oper at or >>() or a Lazy Argument that evaluates to any
type with a defined matching streaming oper at or >>() .

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression

stream

wst ream

Description

Call thestreaming oper at or >>() for thetype of the mandatory
attribute. Theinput recognized by this operator will bethe result
of the st r eamparser. This parser never fails (unless the under-
lying input stream reports an error). The character type of the
I/O istream is assumed to be char .

Call thestreaming oper at or >>() for thetype of the mandatory
attribute. Theinput recognized by this operator will bethe result
of thewst r eamparser. Thisparser never fails (unlessthe under-
lying input stream reports an error). The character type of the
I/Oistream is assumed to bewchar _t .

All parserslisted in the table above are predefined specializations of thest r eam par ser <Char > basic stream parser type described
below. It is possible to directly use this type to create stream parsers using an arbitrary underlying character type.

Expression

st ream par ser <
Char, Attrib

>()

Additional Requirements

Semantics

Call the streaming oper at or >>() for the type of the optional
attribute, At t ri b. The input recognized by this operator will
be the result of the stream par ser <> parser. This parser
never fails (unlessthe underlying input stream reportsan error).
The character type of the I/O istream is assumed to be Char

All of the stream parsers listed above require the type of the value to parse (the associated attribute) to implement a streaming oper-
ator conforming to the usual 1/0O streams conventions (where at t ri but e_t ype isthe type of the value to recognize while parse):

render
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tenpl ate <typenane |streamnms
| stream operator>> (lIstream% os, attribute_type& attr)

{
/'l type specific input parsing
return os;

This operator will be called by the stream parsersto gather the input for the attribute of typeat t ri but e_t ype.

g Note
If the st r eamparser is invoked inside amat ch (or phr ase_mat ch) stream manipulator the | st r eampassed to
the oper at or >>() will have registered (imbued) the same standard locale instance as the stream the mat ch (or
phr ase_mat ch) manipulator has been used with. This ensures all facets registered (imbued) with the original 1/0
stream object are used during input parsing.

Attributes
Expression Attribute
stream spirit::hold_any
wst ream spirit::whol d_any
stream parser<Char, Attrib>() Attrib

2 I mportant
The attribute type spi ri t: : hol d_any exposed by some of the stream parsers is semantically and syntactically
equivalent to the type implemented by Boost.Any. It has been added to Spirit as it has better performance and a
smaller footprint than Boost.Any.

Complexity
O(N), where N is the number of characters consumed by the stream parser

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

A class definition used in the examples:

/'l a sinple conplex nunber representation z = a + bi
struct conpl ex

{
conpl ex (double a = 0.0, double b = 0.0)
a(a), b(b)
{}
doubl e a;
doubl e b;
¥
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/'l define streanming operator for the type conpl ex
std::istreamx
operator>> (std::istream is, conplex& z)

{
char lbrace = '"\0', comm = '\0', rbrace = "\0';
is >> |brace >> z.a >> conma >> z.b >> rbrace;
if (Ibrace '="{" || commma !="," || rbrace !'="}")
is.setstate(std::ios_base::failbit);
return is;
}

Using declarations and variables:

usi ng boost::spirit::qi::stream
usi ng boost::spirit::qi::stream parser;

Parse a simple string using the operator>>(istreamé&, std::string& );

std::string str;
test parser_attr("abc", stream str);
std::cout << str << std::endl; /'l prints: abc

Parse our complex type using the operator>>(istream&, complex&);

conpl ex c;
test_parser_attr("{1.0,2.5}", stream parser<char, conplex>(), c);
std::cout << c.a << "," << c.b << std::endl; /1 prints: 1.0,2.5

String Parsers
This module includes parsers for strings. Currently, this module includes the literal and string parsers and the symbol table.

Module Header

/1 forwards to <boost/spirit/honme/qi/string.hpp>
#i ncl ude <boost/spirit/include/qgi_string. hpp>

Also, see Include Structure.

String Parsers (string, lit)

Description

Thest ri ng parser matchesastring of characters. Thest ri ng parser isanimplicit lexeme: theski p parserisnot applied in between

characters of the string. The st ri ng parser has an associated Character Encoding Namespace. This is needed when doing basic
operations such as inhibiting case sensitivity. Examples:

string("Hello")
string(L"Hello")
string(s) // s is a std::string

lit,likestring,asomatchesastring of characters. The main differenceisthat| i t doesnot synthesize an attribute. A plain string
like"hel | 0" orastd::basic_stringisequivdenttoalit.Examples:
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"Hel | o"

lit("Hello")

lit(L"Hello")

lit(s) // s is a std::string

Header

/'l forwards to <boost/spirit/home/qi/string/lit.hpp>
#i ncl ude <boost/spirit/include/qgi_lit.hpp>

Namespace
Name
boost::spirit::lit // alias: boost::spirit::qgi::lit

ns::string

In the table above, ns represents a Character Encoding Namespace.
Model of

PrimtiveParser

Notation

s A String or aLazy Argument that evaluates to a String.
ns A Character Encoding Namespace.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .

Expression Semantics

s Create string parser from astring, s.

lit(s) Create a string parser from astring, s.

ns::string(s) Create astring parser with ns encoding from a string, s.
Attributes

Expression Attribute

S unused

lit(s) unused

ns::string(s) st d: : basi c_stri ng<T>whereT isthe underlying character

typeof s.
Complexity
O(N)
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where Nis the number of charactersin the string to be parsed.

Example

K

Some using declarations:

Note

usi ng boost::spirit::
usi ng boost::spirit::

Basic literals:

test _parser("boost"
test _parser("boost"
test _parser("boost"

Fromastd: :string

std::string s("boost"
t est _parser("boost",
t est _parser("boost",
t est _parser("boost",

Lazy strings using Phoenix

nanespace phx = boost
test _parser("boost",
test _parser("boost",
test _parser("boost",

The test harness for the example(s) below is presented in the Basics Examples section.

qi::lit;

ascii::string;

"boost"); /1 plain litera
lit("boost")); /'l explicit litera
string("boost")); // ascii::string

);

s); // direct

lit(s)); /'l explicit

string(s)); /1 ascii::string

. phoeni x;

phx: :val ("boost")); /1 direct
lit(phx::val("boost"))); /1 explicit
string(phx::val ("boost"))): /1 ascii::string

Symbols Parser (synbol s)

Description

The classsynbol s implements asymbol table: an associative container (or map) of key-value pairs where the keys are strings. The

symbol s class can work efficiently with 8, 16, 32 and even 64 bit characters.

Traditionally, symbol table management is maintained separately outside the grammar through semantic actions. Contrary to standard
practice, the Spirit symbol table classsynbol s is-aparser, an instance of which may be used anywhere in the grammar specification.
It isan example of adynamic parser. A dynamic parser is characterized by its ability to modify its behavior at run time. Initialy, an
empty symbols object matches nothing. At any time, symbols may be added, thus, dynamically altering its behavior.

Header

// forwards to <boost
#i ncl ude <boost/spiri

Also, see Include Structure.

/spirit/home/qi/string/synbols. hpp>
t/include/qgi _synbol s. hpp>
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Namespace
Name
boost::spirit::qgi::synbols
boost::spirit::qgi::tst
boost::spirit::qi::tst_map
Synopsis

tenpl ate <typenane Char, typenanme T, typenane Lookup>
struct synbol s;

Template parameters

Parameter Description Default
Char The character type of the symbol strings. char
T The data type associated with each sym-  unused_t ype
bol.
Lookup The symbol search implementation t st <Char, T>
Model of

PrimtiveParser

Notation

Sym A synbol s type.
Char A character type.
T A datatype.

sym syng synmbol s objects.

sseq An STL container of strings.

dseq An STL container of datawith val ue_t ype T.
sl..sN A String.

di...dN Objects of type T.

f A callable function or function object.

il Forwar dl t er at or first/last pair.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i vePar ser .
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Expression
Syn()

Syn( nane)
Syn(syn)

Syn(sseq)

Syn(sseq, nane)

Syn(sseq, dseq)

Syn(sseq, dseq, nane)

sym = synP
sym= sl1, s2, ..., sN
sym += sl1, s2, ..., sN

sym add(sl)(s2)...(sN)

sym add(sl, dl)(s2, d2)...(sN, dN)

sym-=sl, s2, ..., sN
symrenove(sl) (s2)...(sN
sym cl ear ()

sym at (s)

sym find(s)

symprefix_find(f, )

sym for_each(f)

sym nane()

Semantics

Construct an empty symbols names™” synbol s".

Construct an empty symbols named nare.

Copy congtruct asymbolsfromsyn® (Another synmbol s object).

Construct symbols from sseq (an STL container of strings)
named " synbol s".

Construct symbols from sseq (an STL container of strings)
named nane.

Construct symbolsfrom sseq and dseq (An STL container of
stringsand an STL container of datawithval ue_t ype T) which
isnamed " synbol s".

Construct symbolsfrom sseq and dseq (An STL container of
stringsand an STL container of datawithval ue_t ype T) which
isnamed nane.

Assignsyn2 tosym

Assign one or more symbols (s1...sN) tosym

Add one or more symbols (s1...sN) to sym

Add one or more symbols(s1...sN) tosym

Add one or more symbols (s1..sN) with associated data
(d1...dN) tosym

Remove one or more symbols (s1...sN) from sym

Remove one or more symbols (s1...sN) fromsym

Erase all of the symbolsinsym

Return a reference to the object associated with symboal, s. If
symdoes not aready contain such an object, at inserts the de-
fault object T() .

Return a pointer to the object associated with symboal, s. If sym
does not already contain such an object, fi nd returns a null
pointer.

Return a pointer to the object associated with longest symbol
that matches the beginning of therange [ f, 1), and updates
f to point to one past the end of that match. If no symbol

matches, then return a null pointer, and f is unchanged.

For each symbol in sym s, astd:: basi c_string<Char>
with associated data, d, an object of type T, invokef (s, d)

Retrieve the current name of the symbols object.
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Expression Semantics
sym nane( nane) Set the current name of the symbols object to be nane.
Attributes

The attribute of synbol <Char, T>isT.

Complexity

The default implementation uses a Ternary Search Tree (TST) with complexity:
O(log n+k)

Where k is the length of the string to be searched in aTST with n strings.

TSTsarefaster than hashing for many typical search problems especially when the search interface isiterator based. TSTsare many
timesfaster than hash tablesfor unsuccessful searches since mismatches are discovered earlier after examining only afew characters.
Hash tables always examine an entire key when searching.

An dternative implementation uses a hybrid hash-map front end (for the first character) plus a TST: t st _nmap. This gives us a
complexity of

O(1 + log n+k-1)
Thisisfound to be significantly faster than plain TST, albeit with a bit more memory usage requirements (each slot in the hash-map

isaTST node). If you require alot of symbolsto be searched, usethet st _nmap implementation. Thiscan bedoneby usingt st _nmap
as the third template parameter to the symbols class:

synmbol s<Char, T, tst_map<Char, T> > sym

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:
usi ng boost::spirit::qi::synmbols;
Symbols with data:

synbol s<char, int> sym

sym add
("Apple”, 1)
("Banana", 2)
("Orange", 3)

int i;
test _parser_attr("Banana", sym i);
std::cout << i << std::endl;
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When synbol s isused for case-insensitive parsing (in ano_case directive), added symbol strings should be in lowercase. Symbol
strings containing one or more uppercase characters will not match any input when symbolsisused inano_case directive.

synbol s<char, int> sym

sym add
("apple", 1) /1l symbol strings are added in | owercase...
("banana", 2)
("orange", 3)

int i;

/'l ...because symis used for case-insensitive parsing
test _parser_attr("Apple", no_casel sym], i);

std::cout << i << std::endl;

test_parser_attr("ORANGE', no_case[ sym], i);

std::cout << i << std::endl;

Qi Index

Symbols
1.. N

Phoenix, 79
A

Phoenix, 79
_pass

Phoenix, 79
.. _rN

Phoenix, 79
_vd

Phoenix, 79

A

alnum

Character Classification Parsers (alnum, digit , etc.), 123
alpha

Character Classification Parsers (alnum, digit , etc.), 123
aternative (a| b)

Alternative Parser (a|b), 169
and-predicate (& a)

And-Predicate Parser (& a), 171

as<T>

Parser Directives Forcing Atomic Assignment (as< T >, as_string [], as_ wstring [] ), 139
as string

Parser Directives Forcing Atomic Assignment (as< T >, as_string [], as_ wstring [] ), 139
as wstring

Parser Directives Forcing Atomic Assignment (as< T >, as_string [], as_ wstring [] ), 139
attr

Attribute Parser ( attr ), 101
attr_cast

Attribute Transformation Pseudo Parser ( attr_cast ), 103
auto_

Auto Parser, 98
B
big bin_double

Binary Big Endianness Parsers, 117
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big bin float

Binary Big Endianness Parsers, 117

big_dword

Binary Big Endianness Parsers, 117

big_qgword

Binary Big Endianness Parsers, 117

big word

Binary Big Endianness Parsers, 117

bin

Unsigned Integer Parsers (uint_, etc.), 148

bin_double

Binary Native Endianness Parsers, 111

bin float

Binary Native Endianness Parsers, 111

blank

Character Classification Parsers (alnum, digit , etc.), 123

bool

Boolean Parser ( bool ), 165-166
bool _parser

Boolean Parser ( bool ), 165
bool_policies

Boolean Parser ( bool ), 165
byte

Binary Native Endianness Parsers, 111

C

char_

Character Parser ( char_, lit), 119

cntrl

Character Classification Parsers (alnum , digit , etc.), 123

create_parser

API for Automatic Parser Creation, 95

create parser_exists

API for Automatic Parser Creation, 95

D
difference (a- b)

Difference Parser (a-b), 172
digit

Character Classification Parsers (alnum, digit , etc.), 123

double

Real Number Parsers ( float_, double_, etc.), 157

dword

Binary Native Endianness Parsers, 111

E
€0i

End of Input Parser ( eoi ), 106
eol

End of Line Parser ( eol ), 105
eps

Epsilon Parser ( eps), 107
expectation (a> b)

Expectation Parser (a>b), 173

F
fase
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Boolean Parser ( bool ), 165
float_
Real Number Parsers ( float_, double |, etc.), 157

G

grammar
Parser Grammar, 145-146

graph
Character Classification Parsers (alnum , digit , etc.), 123

H

hex
Unsigned Integer Parsers (uint_, etc.), 148
hold
Parser Directive for Attribute Commit/Rollback ( hold [] ), 137

I
inf

Repetition Parser Directive ( repeat [] ), 132
int

Signed Integer Parsers (int_, etc.), 153
int_parser

Signed Integer Parsers (int_, etc.), 153

K
kleene (*a)
Kleene Parser (* a), 175

L
lazy
Lazy Parser (lazy ), 109-110
lexeme
Parser Directive Inhibiting Skipping ( lexeme[] ), 125

Parser Directive Inhibiting Skipping Without Pre-skip ( no_skip[] ), 126

Parser Directive Re-Establishing Skipping ( skip [] ), 136
list (2% b)

List Parser (a%b), 177
lit

Boolean Parser ( bool_), 165

Character Parser ( char_, lit), 119

Real Number Parsers ( float_, double_, etc.), 157

Signed Integer Parsers (int_, etc.), 153

String Parsers ( string, lit ), 190

Unsigned Integer Parsers (uint_, etc.), 148
little bin_double

Binary Little Endianness Parser, 114
little bin_float

Binary Little Endianness Parser, 114
little_dword

Binary Little Endianness Parser, 114
little_qword

Binary Little Endianness Parser, 114
little word

Binary Little Endianness Parser, 114
long_

Signed Integer Parsers (int_, etc.), 153
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long_double

Real Number Parsers ( float_, double |, etc.), 157
long_long

Signed Integer Parsers (int_, etc.), 153
lower

Character Classification Parsers (alnum, digit , etc.), 123

M

match
Stream Based Parser API, 92

matches
Directive for Transduction Parsing ( raw [] ), 131
Directive Testing if Parser Succeeded ( matches|[] ), 134

N
not-predicate (!a)
Not-Predicate Parser (! a), 178
no_case
Parser Directive Inhibiting Case Sensitivity ( no_case[] ), 128
no_skip
Parser Directive Inhibiting Skipping ( lexeme[] ), 125
Parser Directive Inhibiting Skipping Without Pre-skip ( no_skip[] ), 126
Parser Directive Re-Establishing Skipping ( skip [] ), 136

O
oct
Unsigned Integer Parsers (uint_, etc.), 148
omit
Parser Directive Ignoring Attribute ( omit [] ), 129
optional (-a)
Optional Parser (- a), 179
P
parse
Iterator Based Parser API, 90
parser

BinaryParser, 82-83

NaryParser, 83-84

Nonterminal, 84

Parser, 80-81

Parser Concepts, 79

PrimitiveParser, 81

UnaryParser, 81-82
permutation (a” b)

Permutation Parser (a” b), 181
phrase_match

Stream Based Parser API, 92
phrase parse

Iterator Based Parser API, 90
placeholders

Phoenix, 79
plus (+a)

Plus Parser (+a), 182
print

Character Classification Parsers (alnum , digit , etc.), 123
punct

Character Classification Parsers (alnum , digit , etc.), 123
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Q

gword
Binary Native Endianness Parsers, 111

R

raw

Directive for Transduction Parsing ( raw [] ), 131
real_parser

Real Number Parsers ( float_, double |, etc.), 157
real_policies

Predefined Policies, 157

Real Number Parsers ( float_, double |, etc.), 157
repeat

Repetition Parser Directive ( repeat [] ), 132
rule

Parser Rule, 142-143

S

Semantic Action
Semantic Actions with Parsers, 97
seguence (a>> b)
Sequence Parser (a>>Db), 183
seguential-or (a || b)
Sequential Or Parser (al|b), 185
short_
Signed Integer Parsers (int_, etc.), 153
skip
Parser Directive Inhibiting Skipping ( lexeme[] ), 125
Parser Directive Inhibiting Skipping Without Pre-skip ( no_skip[] ), 126
Parser Directive Re-Establishing Skipping ( skip [] ), 136
skip_flag::dont_postskip
Iterator Based Parser API, 90
Stream Based Parser API, 92
skip_flag::postskip
Iterator Based Parser API, 90
Stream Based Parser API, 92

space
Character Classification Parsers (alnum, digit , etc.), 123
string

String Parsers ( string, lit ), 190-191

Symbols Parser ( symbols), 192-193
symbols

Symbols Parser ( symbols), 192-193

T

true_
Boolean Parser ( bool ), 165

U
uint_
Unsigned Integer Parsers (uint_, etc.), 148
uint_parser
Real Number Parsers ( float_, double |, etc.), 157
Signed Integer Parsers (int_, etc.), 153
Unsigned Integer Parsers (uint_, etc.), 148
ulong_
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Unsigned Integer Parsers (uint_, etc.), 148
ulong_long

Unsigned Integer Parsers (uint_, etc.), 148
upper

Character Classification Parsers (alnum, digit , etc.), 123
ureal_policies

Predefined Policies, 157

Real Number Parsers ( float_, double |, etc.), 157
ushort_

Unsigned Integer Parsers (uint_, etc.), 148
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word
Binary Native Endianness Parsers, 111

X
xdigit
Character Classification Parsers (alnum , digit , etc.), 123
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Karma - Writing Generators

Tutorials
Quick Start

Spirit.Karma - what's that?

Throughout the description of Spirit.Karma we will try to align ourselves very much with the documentation for Spirit.Qi. The
reasons are many fold:

» Spirit.Karma is the counterpart to Spirit.Qi. Some people say it's the Yin to Spirit.Qi's Yang. Spirit.Karma is generating byte se-
quences from internal data structures as Spirit.Qi is parsing byte sequences into those (very same) internal data structures.

» Both libraries have an almost identical structure, very similar semantics, and are both built using identical tools. Both libraries
implement a language casting the specifics of their domain (parsing and generating) into asimple interface.

Why should you use a generator library for such a smple thing as output generation? Programmers have been using pri nt f,
st d: : st reamformatting, or boost : : f or mat for quite some time. The answer is - yes, for simple output formatting tasks those
familiar tools might be a quick solution. But experience shows: as soon as the formatting requirements are becoming more complex
output generation is getting more and more challenging in terms of readability, maintainability, and flexibility of the code. Last, but
not least, it turns out that code using Spirit.Karma runs much faster than equivalent code using either of the 'straight’ methods mentioned
above (see here for some numbers: Performance of Numeric Generators)

You might argue that more complex tasks require more complex tools. But this turns out not to be the case! The whole Spirit library
is designed to be simple to use, while being scalable from trivial to very complicated applications.

In terms of development simplicity and ease in deployment, the same is true for Spirit.Karma as has been described elsewhere in
this documentation for Spirit.Qi: the entire library consists of only header files, with no librariesto link against or build. Just put the
spirit distribution in your include path, compile and run. Code size? Very tight, essentially comparable to hand written code.

The Spirit.Karma tutorials are built in awalk through style, starting with elementary things growing step by step in complexity. And
again: keep in mind output generation is the exact opposite of parsing. Everything you aready learnt about parsing using Spirit.Qi
isapplicableto generating formatted output using Spirit.Karma. All you haveto doistolook at Spirit.Karma asbeing amirror image

of Spirit.Qi.

Warming up

Learning how to use Spirit.Karma is realy simple. We will start from trivial examples, ramping up as we go.
Trivial Example #1 Generating a number

Let's create a generator that will output a floating-point number:

doubl e_

Easy huh? The above code actually instantiates a Spirit floating point generator (a built-in generator). Spirit has many pre-defined
generators and consistent naming conventions will help you finding your way through the maze. Especially important to note is that
things related to identical entities (as in this case, floating point numbers) are named identically in Spirit.Karma and in Spirit.Qi.
Actually, both libraries are using the very same variable instance to refer to afloating point generator or parser: doubl e_.

Trivial Example #2 Generating two numbers

Now, let's create a generator that will output aline consisting of two floating-point numbers.

doubl e_ << doubl e_
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Here you see the familiar floating-point numeric generator doubl e_ used twice, once for each number. If you are used to see the
' >>' operator for concatenating two parsersin Spirit.Qi you might wonder, what's that * <<' operator doing in there? We decided
to distinguish generating and parsing of sequences the same way as the std::stream libraries do: we use operator * >>' for input
(parsing), and operator ' <<' for output (generating). Other than that there is no significant difference. The above program creates
agenerator from two simpler generators, glueing them together with the sequence operator. The result is a generator that is a com-
position of smaller generators. Whitespace between numbers can implicitly be inserted depending on how the generator is invoked
(see below).

@ Note
When we combine generators, we end up with a "bigger" generator, but it's still a generator. Generators can get
bigger and bigger, nesting more and more, but whenever you glue two generators together, you end up with one
bigger generator. Thisis an important concept.

Trivial Example #3 Generating one or more numbers

Now, creating output for two numbers is not too interesting. Let's create a generator that will output zero or more floating-point
numbersin arow.

*doubl e__

Thisis like a regular-expression Kleene Star. We moved the * to the front for the same reasons we did in Spirit.Qi: we must work
with the syntax rules of C++. But if you know regular expressions (and for sure you remember those C++ syntax rules) it will start
to look very familiar in amatter of avery short time.

Any expression that evaluates to a generator may be used with the Kleene Star. Keep in mind, though, that due to C++ operator
precedence rules you may need to put the expression in parentheses for complex expressions. As above, whitespace can be inserted
implicitly in between the generated numbers, if needed.

Trivial Example #4 Generating a comma-delimited list of numbers

We follow the lead of Spirit.Qi's warming up section and will create a generator that produces a comma-delimited list of humbers.
double_ << *(lit(',"') << double )

Noticelit(',").Itisaliteral character generator that simply generatesthecomma' , ' . In this case, the Kleene Star is modifying
amore complex generator, namely, the one generated by the expression:

(lit(',") << double_)

Note that thisis a case where the parentheses are necessary. The Kleene Star encloses the complete expression above, repeating the
whole pattern in the generated output zero or more times.

Let's Generate!

We're done with defining the generator. All that's Ieft is to invoke the generator to do its work. For now, we will use the gener -
at e_del i ni t ed function. One overload of this function accepts four arguments:

1. Anoutput iterator accepting the generated characters
2. The generator expression
3. Ancther generator called the delimiting generator

4. The datato format and output
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While comparing this minimal example with an equivalent parser example we notice a significant difference. It is possible (and ac-
tually, it makesalot of sense) to use a parser without creating any internal representation of the parsed input (i.e. without ‘producing'
any data from the parsed input). Using a parser in this mode checks the provided input against the given parser expression allowing
to verify whether theinput is parsable. For generators this mode doesn't make any sense. What is output generation without generating
any output? So we always will have to supply the data the output should be generated from. In our example we supply a list of
doubl e numbers as the last parameter to the function gener at e_del i ni t ed (see code below).

In thisexample, we wish to delimit the generated numbers by spaces. Another generator named space isincluded in Spirit'srepertoire
of predefined generators. Itisavery trivial generator that simply produces spaces. It isthe equivalent towritingl it (* '), orsimply

' . It has been implemented for similarity with the corresponding predefined space parser. We will use space as our delimiter.
The delimiter is the one responsible for inserting characters in between generator elements such asthedoubl e_and i t.

Ok, so now let's generate (for the complete source code of this example please refer to num_list1.cpp).

tenpl ate <typenane Qutputlterator>
bool generate_nunbers(Qutputlterator& sink, std::list<double> const& v)
{

usi ng karma:: doubl e_;

usi ng karma::generate_delimted;

using ascii::space;

bool r = generate_delinited(

si nk, /1 destination: output iterator
double_ << *(',' << double_), /1 the generator
space, /1 the delimter-generator
v /1 the data to output
)
return r;

Note

S You might wonder how avect or <doubl e>, which is actually a single data structure, can be used as an argument
(we call it attribute) to a sequence of generators. This seems to be counter intuitive and doesn't match with your
experience of using pri nt f , where each formatting placeholder hasto be matched with a corresponding argument.
WEell, we will explain this behavior in more detail later in this tutorial. For now just consider this to be a special
case, implemented on purposeto allow more flexible output formatting of STL containers: sequences accept asingle
container attribute if all elements of this sequence accept attributes compatible with the elements held by this con-
tainer.

The generate function returns t r ue or f al se depending on the result of the output generation. As outlined in different places of
this documentation, agenerator may fail for different reasons. One of the possible reasonsisan error in the underlying output iterator
(memory exhausted or disk full, etc.). Another reason might be that the data doesn't match the requirements of a particular generator.
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S Note
char andwchar _t operands

The careful reader may notice that the generator expressionhas' , ' insteadof 1 it (', ') asthe previousexamples
did. Thisis ok due to C++ syntax rules of conversion. Spirit provides << operators that are overloaded to accept a
char orwchar _t argument on its left or right (but not both). An operator may be overloaded if at least one of its
parametersis a user-defined type. In this case, thedoubl e_ isthe 2nd argument to oper at or <<, and so the proper
overload of << isused, converting' , ' into acharacter literal generator.

The problem with omitting thel i t should beobvious:' a® << ' b' isnotaspirit generator, it isanumeric expres-
sion, left-shifting the ASCI| (or another encoding) valueof ' a' by theASCII valueof ' b' . However, bothl it (' a')
<< 'b' and'a' << lit('b') areSpirit sequence generatorsfor theletter ' a' followed by ' b' . You'll get used
to it, sooner or later.

Note that weinlined the generator directly inthecall togener at e_del i ni t ed. Upon calling thisfunction, the expression evaluates
into atemporary, unnamed generator which is passed into the gener at e_del i mi t ed function, used, and then destroyed.

Here, we chose to make the generate function generic by making it atemplate, parameterized by the output iterator type. By doing
S0, it can put the generated datainto any STL conforming output iterator.

Generator Semantic Actions

In the previous section we mentioned avery important difference between parsers and generators. While parsers may be used without
'producing' any data, generators always need data to generate the output from. We mentioned one way of passing data to the gener-
ator by supplying it as a parameter to one of the main API functions (for instance gener at e() or gener ate_del i m t ed() ). But
sometimes thisis not possible or not desirable.

Very much like for Spirit.Qi we have semantic actions in Spirit.Karma as well. Semantic actions may be attached to any point in
the grammar specification. These actions are C++ functions or function objects that are called whenever a part of the generator is
about to beinvoked. Say you have agenerator G, and a C++ function F, you can make the generator call F just before it gets invoked
by attaching F:

G Fl

The expression above links F to the generator, G.

Semantic actions in Spirit.Qi are invoked after a parser successfully matches its input and the matched value is passed into the se-
mantic action. In Spirit.Karma the opposite happens. Semantic actions are called before its associated generator is invoked. They
may provide the data required by the generator.

The function/function object signature depends on the type of the generator to which it is attached. The generator doubl e_ expects
the number to generate. Thus, if we were to attach afunction F to doubl e_, we need F to be declared as:

voi d F(doubl e& n);

where the function is expected to initialize the parameter n with the value to generate.
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2 Im portant
Generally, and more formally, the semantic action F attached to a generator G needs to take a reference to the gen-
erator's attribute type as its first parameter. For more information about generator attributes please see the section
Generator Attributes.

In the example above the function F takesadoubl e& asitsfirst parameter asthe attribute of thedoubl e_ generator
happensto beadoubl e.

There are actually 2 more arguments being passed (the generator context and a reference to a boolean 'pass parameter). We don't
need these, for now, but we'll see more on these other arguments later. Spirit.Karma allows us to bind a single argument function,
like above. The other arguments are simply ignored.

To sum up, the possible signatures for semantic actions are;

void f(Attrib&);
void f(Attrib& Context&);
void f(Attrib& Contexté& bool&);

Examples of Semantic Actions

In the following example we present various ways to attach semantic actions:
» Using aplain function pointer

» Using asimple function object

e Using Boost.Bind with aplain function

» Using Boost.Bind with a member function

» Using Boost.Lambda

Let's assume we have:
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nanespace client

{

nanespace karma = boost::spirit::karma;

/1 A plain function
void read_function(int& i)

{
}

i = 42;

/1 A menber function
struct reader

{

void print(int& i) const

{
}

i = 42;
I

/1 A function object
struct read_action

{

void operator()(int& i, unused_type, unused_type) const

{
}

i = 42;

Take note that with function objects, we need to have an oper at or () with 3 arguments. Since we don't care about the other two,
we can use unused_t ype for these. We'll see more of unused_t ype elsewhere. Get used to it. unused_t ype isa Spirit supplied
support class. Most of the time it standsfor 'l don't care, just use the appropriate default'.

All following examples generate outputs of the form:
"{integer}"

An integer inside the curly braces.

The first example shows how to attach a plain function:
generate(outiter, '{' << int_[&ead_function] << '}");

What'snew?Well i nt _isthesibling of doubl e_. I'm sureyou can guess what this generator does and what type of attributeit expects.

The next example shows how to attach a simple function object:
generate(outiter, '{' << int_[read_action()] << '}");
We can use Boost.Bind to 'bind' member functions:

reader r;
generate(outiter, '{' << int_[boost::bind(& eader::print, &, _1)] << '}');

Likewise, we can also use Boost.Bind to 'bind' plain functions:

generate(outiter, '{' << int_[boost::bind(& ead_function, _1)] << '}");
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And last but not least, we can also use Boost.L ambda:

std::stringstreamstrm"42");
generate(outiter, '{' << int_[strm>> |lanbda::_1] << '}")

There are more ways to bind semantic action functions, but the examples above are the most common. Attaching semantic actions
isthefirst hurdle one hasto tackle when getting started with generating with Spirit. If you didn't do so yet, it is probably agood idea
to familiarize yourself with the tools behind it such as Boost.Bind and Boost.Lambda.

The examples above can be found here: actions.cpp
Phoenix

Phoenix, a companion library bundled with Spirit, is specifically suited for binding semantic actions. It is like Boost.Lambda on
steroids, with special custom features that make it easy to integrate semantic actions with Spirit. If your requirements go beyond
simple to moderate generation, | suggest you use this library. Examples presented henceforth shall be using the Phoenix library ex-
clusively.

2 I mportant
There are different waysto write semantic actionsfor Spirit.Karma: using plain functions, Boost.Bind, Boost.Lambda,
or Phoenix. The latter three allow you to use special placeholders to control parameter placement (_1, 2, etc.).
Each of those libraries has it's own implementation of the placeholders, all in different namespaces. You have to
make sure not to mix placeholders with alibrary they don't belong to and not to use different libraries while writing
a semantic action.

Generally, for Boost.Bind, use: : _1,:: _2, etc. (yes, these placeholders are defined in the global namespace).
For Boost.L ambda use the placeholders defined in the namespace boost : : | anbda.

For semantic actions written using Phoenix use the placeholders defined in the namespace boost : : spiri t . Please
note that all existing placeholders for your convenience are also available from the namespace boost : : spi r -
it::karnma.

Complex - A first more complex generator

In this section we will develop a generator for complex numbers, allowing to represent ast d: : conpl ex either as(real , i mag)

(wherer eal andi mag are thereal and imaginary parts of the complex number) or asasimpler eal if theimaginary part happens
to be equal to zero. Thisexamplewill highlight the power of Spirit.Karma allowing to combine compile time definition of formatting
ruleswith runtime based decisions which of the rulesto apply. Also thistime, we're using Boost.Phoenix to do the semantic actions.

Our goal isto allow for two different output formats to be applied depending on whether the imaginary part of the complex number
is zero or not. Let'swrite both as a set of alternatives:

"(' << double_ << ", " << double_ << ")
| doubl e_

where thefirst aternative should be used for numbers having anon-zero imaginary part, while the second is for real numbers. Gen-
eraly, alternatives are tried in the sequence of their definition as long until one of the expressions (as delimited by ' | ' ) succeeds.
If no generator expression succeeds the whole alternative fails.

If we left this formatting grammar as is our generator would always choose the first alternative. We need to add some additional
rules allowing to make the first aternative fail. So, if the first alternative fails the second one will be chosen instead. The decision
about whether to choose the first alternative has to be made at runtime as only then we actually know the value of the imaginary part
of the complex number. Spirit.Karma provides us with with a primitive generator eps( ) , which is usable as a semantic predicate.
It has the property to 'succeed' generating only if its argument is true (while it never generates any output on its own).
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double imag = ... ; /1 imaginary part
eps(img !'= 0) << '(' << double_ << ", " << double_ << ")
| doubl e_

If one of the generator elements of a sequence fails the whole sequence will fail. Thisis exactly what we need, forcing the second
alternative to be chosen for complex numbers with imaginary parts equal to zero.

Now on to the full example, this time with the proper semantic actions (the complete cpp file for this example can be found here:
complex_number.cpp).

We will usethe st d: : conpl ex type for thisand all subsequent related examples. And here you can see the full code of the gener-
ator alowing to output a complex number either as a pair of numbers (if the imaginary part is non-zero) or as a single number (if
the complex isareal number):

tenpl ate <typenane Qutputlterator>
bool generate_conpl ex(Qutputlterator sink, std::conpl ex<doubl e> consté& c)
{

usi ng boost::spirit::karma::eps

usi ng boost::spirit::karnma::double_;

usi ng boost::spirit::karma::_1

usi ng boost::spirit::karnma::generate

return generate(sink

/1 Begin gramar

(
eps(c.imag() '= 0) <<
"('" << double_[_1 =c.real()] << ", " << double_[_1 =c.imag()] << ')’
double [_1 =c.real ()]

~— —

/[ End grammar

The doubl e_ generators have this semantic action attached:

which passes n to the first element of the s generator's attached semantic action. Remember, semantic actions in Spirit.Karma are
called before the corresponding generator is invoked and they are expected to provide the generator with the data to be used. The
semantic action above assigns the value to be generated (n) to the generator (actually, the attribute of doubl e_). _1 is a Phoenix
placeholder referring to the attribute of the semantic action's attached generator. If you need more information about semantic actions,
you may want to read about them in this section: Semantic Actions.

These semantic actions are easy to understand but have the unexpected side effect of being dightly less efficient than it could be. In
addition they tend to make the formatting grammar less readable. We will see in one of the next sections how it is possible to use
other, built-in features of Spirit.Karmato get rid of the semantic actions altogether. When writing your grammarsin Spirit you should
always try to avoid semantic actions which is often possible. Semantic actions are really powerful tools but grammars tend to be
more efficient and readable without them.

Complex - Made easier

In the previous section we showed how to format acomplex number (i.e. apair of doubles). In this section wewill build on thisexample
with the goal to avoid using semantic actionsin the format specification. Let's have alook at the resulting codefirst, trying to understand
it afterwards (the full source file for this example can be found here: complex_number_easier.cpp):
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tenpl ate <typenane Qutputlterator>
bool generate_conpl ex(Qutputlterator sink, std::conpl ex<doubl e> consté& c)

{
usi ng boost::spirit::karnma::double_;
using boost::spirit::karma::omt;
usi ng boost::spirit::karna::generate;
return generate(sink,
/1 Begin gramar

I'double_(0.0) << '(' << double_ << ", " << double_ << ")’
| om t[doubl e_] << double_
)

/'l End granmmar

c.imag(), c.real (), c.img() /1 Data to output

Let's cover some basic library featuresfirst.
Making Numeric Generators Fail

All Numeric Generators (such asdoubl e_, et.al.) take the value to emit from an attached attribute.

double d = 1.5;
generate(out, double_, d); /1 will emt "1.5 (wthout the quotes)

Alternatively, they may be initialized from aliteral value. For instance, to emit a constant 1. 5 you may write:
generate(out, double (1.5)); /1 will emt "1.5" as well (without the quotes)

The differencetoasimple 1. 5 or i t (1. 5) isthat thedoubl e (1. 5) consumes an attribute if one is available. Additionally, it
compares itsimmediate value to the value of the supplied attribute, and fails if those are not equal.

double d = 1.5;
generate(out, double_(1.5), d); // wll enmt "1.5 as long as d == 1.5

Thisfeature, namely to succeed generating only if the attribute matches the immediate value, enables numeric generators to be used
to dynamically control the way output is generated.

S Note
Quite afew generators will fail if their immediate value is not equal to the supplied attribute. Among those are all
Character Generators and all String Generators. Generally, al generators having a sibling created by a variant of
l'it() belonginto this category.

Predicates - The Conditionals for Output Generators

In addition to the eps generator mentioned earlier Spirit.Karma provides two special operators enabling dynamic flow control: the
And predicate (unary &) and the Not predicate (unary ! ). The main property of both predicatesisto discard all output emitted by the
attached generator. Thisis equivalent to the behavior of predicates used for parsing. There the predicates do not consume any input
allowing to look ahead in the input stream. In Karma, the and predi cate succeeds as long as its associated generator succeeds, while
the not predicate succeeds only if its associated generator fails.
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S Note
The generator predicates in Spirit.Karma consume an attribute, if available. This makes them behave differently
from predicatesin Spirit.Qi, wherethey do not expose any attribute. Thisis because predicatesallow to make decisions
based on data available only at runtime. While in Spirit.Qi during parsing the decision is made based on looking
ahead afew more input tokens, in Spirit.Karma the criteria has to be supplied by the user. The simplest way to do
thisis by providing an attribute.

As an example, the following generator succeeds generating

double d = 1.0;
BOOST_ASSERT( gener at e(out, &double (1.0), d)); /'l succeeds as d == 1.0

while this one will fail:

double d = 1.0;
BOOST_ASSERT( ! generate(out, !double (1.0), d)); // fails as d == 1.0

Neither of these will emit any output. The predicates discard everything emitted by the generators to which they are applied.
Ignoring Supplied Attributes

Sometimesit is desirable to 'skip' (i.e. ignore) a provided attribute. This happens for instance in alternative generators, where some
of the alternatives need to extract only part of the overall attribute passed to the aternative generator. Spirit.Karma has a special
pseudo generator for that: the directive oni t [ ] . This directive consumes an attribute of the type defined by its embedded generator
but it does not emit any output.

S Note
The Spirit.Karma oni t directive does the 'opposite’ of the directive of the same namein Spirit.Qi. While the oni t
in Spirit.Qi consumesinput without exposing an attribute, its Spirit.Karma counterpart consumes an attribute without
emitting any output.

Putting everything together

Very similar to our first example earlier we use two aternatives to allow for the two different output formats depending on whether
the imaginary part of the complex number is equal to zero or not. The first alternative is executed if the imaginary part is not zero,
the second alternative otherwise. This time we make the decision during runtime using the Not predicate (unary ! ) combined with
the feature of many Karma primitive generatorsto fail under certain conditions. Here isthe first alternative again for your reference:

l'double (0.0) << '(' << double_ << ", " << double_ << ')’

Thegenerator ! doubl e_( 0. 0) doesseveral things. First, because of the Not predicate (unary ! ), it succeedsonly if thedoubl e_( 0. 0)
generator fails, making the whole first alternative fail otherwise. Second, the doubl e_( 0. 0) generator succeeds only if the value
of its attribute is equal to itsimmediate parameter (i.e. in thiscase 0. 0). And third, the not predicate does not emit any output (re-
gardless whether it succeeds or fails), discarding any possibly emitted output from the doubl e_( 0. 0) .

As we pass the imaginary part of the complex number as the attribute value for the ! doubl e_( 0. 0) , the overall first alternative
will be chosen only if it is not equal to zero (the! doubl e_( 0. 0) doesnot fail). That is exactly what we need!

Now, the second alternative has to emit the real part of the complex number only. In order to simplify the overall grammar we strive
to unify the attribute types of all alternatives. As the attribute type exposed by the first alternative ist upl e<doubl e, doubl e,
doubl e>, we need to skip thefirst and last element of the attribute (remember, we passthe real part asthe second attribute element).
We achieve thisby using theomi t [] directive:
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om t[doubl e_] << double_ << omit[double_]

Theoverall attribute of thisexpressionist upl e<doubl e, doubl e, doubl e>, buttheoni t [] 'eatsup' thefirst and thelast element.
The output emitted by this expression consist of a single generated double representing the second element of the tuple, i.e. the real
part of our complex number.

2 I mportant
Generally, it is preferable to use generator constructs not requiring semantic actions. The reason is that semantic
actions often use constructslike: doubl e_[ _1 = c.real ()].Butthisassignmentisareal one! Thedataisinfact
copied to the attribute value of the generator attached to the action. On the other hand, grammars without any se-
mantic actions usually don't have to copy the attributes, making them more efficient.

Complex - Fully Integrated

Until now, we have been working around the fact that st d: : conpl ex<> isnot a native Boost.Fusion sequence. We have not been
ableto useit with the same simplicity and natural grace of af usi on: : t upl e<> or asimilar Boost.Fusion datastructure. Fortunately,
starting with Boost V1.43 it is possible to adapt any data structure (not only, as before, structures with publicly accessible members)
as a Boost.Fusion sequence. All we have to do isto employ one of the new BOOST_FUSI ON_ADAPT_ADT macros.

Adapting a Class As a Fusion Sequence

Let us start with the code again, following up with the explanations afterwards.

Wouldn't it be optimal if we could pass our instance of ast d: : conpl ex<> directly to Karma'sgener at e() function:

tenpl ate <typenane Qutputlterator>
bool generate_conpl ex(Qutputlterator sink, std::conpl ex<doubl e> consté& c)

{
usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::bool _;
usi ng boost::spirit::karma::true_;
usi ng boost::spirit::karma::omt;
usi ng boost::spirit::karma::generate
return generate(sink
/1 Begin gramar
&rue_ << '(' << double_ << ", " << double_ << ')
| omt[bool | << double_
),
/1 End granmar
c /1 Data to output
)
}

Indeed, thisis possible! All we have to supply to make this work is a magic incantation (somewhere in the global namespace):

/1 W can |l eave off the setters as Karna does not need them

BOOST_FUSI ON_ADAPT_ADT(
st d: : conpl ex<doubl e>

obj.imag() !'= 0, /**/)

(bool, bool
(doubl e, double
(doubl e, double

obj .real ()
obj .imag(),

/**/)
/**/)

render
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Most of the formatting grammar itself has not changed from the last section. We still utilize a very similar scheme. We have an al-
ternative providing the formatting rules for our both use cases: one for the full complex format and one for complex numbers with
azero imaginary part. But instead of selecting the required alternative by comparing the imaginary part to zero in the grammar we
assume to receive a boolean attribute carrying thisinformation:

&rue_ << "(" << double_ << ", " << double_ << ")"

Thisreads as: 'if thefirst (boolean) element of the supplied fusion sequenceist r ue, proceed as specified, else select the next altern-
ative'. The next alternative now accounts for the boolean element aswell, but is otherwise (almost) unchanged from the last section’s
example.

Now it should be clear why our adapt construct above exposes a three element Boost.Fusion sequence: a boolean and two double
values (the real and the imaginary part of the complex number). We want it to match the requirements of our formatting grammar,
which expects those exact values. The BOOST_FUSI ON_ADAPT_ADT macro alows usto specify an arbitrary accessor construct, not
necessarily limited to just calling a member function of the object instance (represented by obj in the context of this macro). This
alows us to nicely encapsulate the decision logic into the class adaptation.

Hereisthelast new bit of information. If you look closely you realize the second dternativeto be 'shorter' than thefirst one. It consumes
only two elements of the supplied fusion sequence: it ignores the boolean and uses the real part of the complex number to generate
its output. If there are more elementsin our attribute than needed, we now can safely omit them from the grammar (which isanew
'feature’ added to Spirit in V1.43 aswell). Note, we could have written the alternative as

&f al se_ << double_

but thiswould have been a bit less efficient as we needed to compare the boolean value again, while the final solution provided will
justignoreit.

Number List - Printing Numbers From a std::vector

Using the List Operator

The C++ Standard library lacks an important feature, namely the support for any formatted output of containers. Sure, it'sfairly easy
to write a custom routine to output a specific container, but doing so over and over again is tedious at best. In this section we will
demonstrate some more of the capabilities of Spirit.Karma for generating output from arbitrary STL containers. We will build on
the example presented in an earlier section (see Warming Up).

The full source code of the example shown in this section can be found here: num_list2.cpp.

Thistime we take advantage of Karma's List (%9 operator. The semantics of the list operator are fully equivalent to the semantics of
the sequence we used before. The generator expression

double_ << *(',' << double_)
is semantically equivalent to the generator expression

double_ %'

simplifying the overall code. The list operator's attribute is compatible with any STL container as well. For a change we use a
st d: : vect or <doubl e>instead of thest d: : | i st <doubl e>weused before. Additionally, theroutinegener at e_nunber s takes
the container as a template parameter, so it will now work with any STL container holding doubl e numbers.
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tenpl ate <typenanme Qutputlterator, typename Contai ner>
bool generate_nunbers(Qutputlterator& sink, Container const& v)

{
usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::generate_delinmted
usi ng boost::spirit::ascii::space
bool r = generate_delinited(
si nk, /1 destination: output iterator
double_ %',", /1 the generator
space, /1 the delimter-generator
Y /1l the data to output
)
return r
}

S Note
Despite the container being a template parameter, the Spirit.Karma formatting expression (doubl e_ %', ') does
not depend on the actua type of the passed container. The only precondition to be met here is that the elements
stored in the container have to be convertible to doubl e.

Generate Output from Arbitrary Data

The output routine devel oped above is still not generically usable for all types of STL containers and for arbitrary elements stored
in them. In order to be usable the items stored in the container still need to be convertible to adoubl e. Fortunately Spirit.Karmais
capable to output arbitrary data types while using the same format description expression. It implements the st r eam generators
which are able to consume any attribute type as long as a matching standard streaming operator is defined. 1.e. for any attribute type
Attri b afunction:

std::ostreamk operator<< (std::ostream% Attrib constg&)

needsto be available. The st r eamgenerator will use the standard streaming operator to generate the output.

The following example modifies the code shown above to utilize the st r eamoperator, which makes it compatible with almost any
data type. We implement a custom data type conpl ex to demonstrate this. The example shows how it is possible to integrate this
(or any other) custom data type into the Spirit.Karma generator framework.

Thisisthe custom data structure together with the required standard streaming operator:

/1 a sinple conplex nunber representation z = a + bi
struct conpl ex

{
conpl ex (double a, double b = 0.0) : a(a), b(b) {}
doubl e a
double b

b

/1l the stream ng operator for the type conpl ex
std::ostreamx
operator<< (std::ostream os, conplex const& z)

{

0s << ..{.. << z.a<<"," << z.b << ..}..
return os;
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And thisis the actual call to generate the output from a vector of those. This time we interleave the generated output with newline
breaks (see eol ), putting each complex number onto a separate line:

tenmpl ate <typenanme Qutputlterator, typenanme Contai ner>
bool generate_nunbers(Qutputlterator& sink, Container consté& v)

{
usi ng boost::spirit::karma::stream
usi ng boost::spirit::karma::generate;
usi ng boost::spirit::karnma::eol;
bool r = generate(
si nk, /1 destination: output iterator
stream % eol , /1 the generator
% /1l the data to output
)
return r;
}

The code shown isfully generic and can be used with any STL container aslong as the dataitems stored in that container implement
the standard streaming operator.

The full source code of the example presented in this section can be found here: num_list3.cpp.

Matrix of Numbers - Printing Numbers From a Matrix

In this section we will discuss the possibilities of Spirit.Karma when it comes to generating output from more complex - but still
regular - data structures. For simplicity wewill useast d: : vect or <st d: : vect or <i nt > > asapoor man's matrix representation.

But even if the data structure seems to be very simple, the presented principles are applicable to more complex, or custom data
structures as well. The full source code of the example discussed in this section can be found here: num_matrix.cpp.

Quick Reference

This quick reference section is provided for convenience. You can use this section as sort of a " cheat-sheet" on the most commonly
used Karma components. It is not intended to be complete, but should give you an easy way to recall a particular component without
having to dig up on pages upon pages of reference documentation.

Common Notation

Notation

G Generator type

g, a, b, c, d Generator objects

A B C D Attribute types of generatorsa, b, ¢, andd
I Theiterator type used for generation
Unused Anunused_t ype

Cont ext The enclosing rule's Cont ext type
attrib An attribute value

Attrib An attribute type

b A boolean expression

B A typeto beinterpreted in boolean expressions
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fg A (lazy generator) function with signature G{ Unused, Cont ext)

fa A (semantic action) function with signaturevoi d( Attri b&, Context, bool &) .Thethird
parameter isaboolean flag that can be set to false to force the generator to fail. Both Cont ext
and the boolean flag are optional.

outiter An output iterator to receive the generated output

Ch Character-class specific character type (See Character Class Types)
ch, ch2 Character-class specific character (See Character Class Types)
char set Character-set specifier string (example: " a- z0- 9")

str Character-class specific string (See Character Class Types)

Str Attribute of st r: st d: : basi ¢_st ri ng<T> where T isthe underlying character type of st r
num Numeric literal, any integer or real number type

Num Attribute of nunt any integer or real number type

tupl e<> Used as a placeholder for afusion sequence

vect or <> Used as a placeholder for an STL container

vari ant <> Used as a placeholder for a boost::variant

opti onal <> Used as a placeholder for a boost::optional

Karma Generators

Character Generators

See here for more information about Character Generators.
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Expression
ch
lit(ch)

char _

char _(ch)

char _("c")

char_(ch, ch2)

char_(charset)

al num

al pha

bl ank

cntrl

digit

gr aph

print

Attribute

Unused

Unused

Ch

Description
Generatech
Generatech

Generate character supplied as the attrib-
ute

Generate ch, if an attribute is supplied it
must match

Generate asingle char string literd, c, if
an attribute is supplied it must match

Generate the character supplied asthe at-
tribute, if it belongsto the character range
fromch toch2

Generate the character supplied asthe at-
tribute, if it belongs to the character set
char set

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isalnum in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isal pha in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isblank in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::iscntrl in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isdigit in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isgraph in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isprint in the character set
defined by NS
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Expression Attribute
punct Ch
space Ch
xdi gi t Ch
| ower Ch
upper Ch

String Generators

See here for more information about String Generators.

Description

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::ispunct in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
st d: : i sspace, or asingle space charac-
ter in the character set defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isxdigit in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::islower in the character set
defined by NS

Generate the character supplied asthe at-
tribute if it satisfies the concept of
std::isupper in the character set
defined by NS
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Expression
str
lit(str)
string

string(str)

synbol s<Attr, T>

sym add
(attrl1, vall)
(attr2, val2)
[*...more...*/

sym

Real Number Generators

See here for more information about Numeric Generators.

Attribute

Unused

Unused

Str

Str

Attr

N/A

Description

Generate st r

Generate st r

Generate string supplied as the attribute

Generate st r, if an attribute is supplied
it must match

Declare asymbol table, sym At t r isthe
The type of the original attribute to be
used asthe key into the symbol generator.
T is the data type associated with each

key.

Add symbols into a symbol table, sym
vall and val2 are optional data of typeT,
the data type associated with each key.

Emits entriesin the symbol table, sym If
attribute isfound in the symbol table, the
corresponding value is emitted. If sym
does not store values, the original attribute
is emitted.
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Expression
lit(num
float

float _(num

doubl e_

doubl e_( num

| ong_doubl e

| ong_doubl e( num

real _generator<
Num Policies

>()

real _generator<
Num Policies

>() (num

Attribute
Unused
fl oat

fl oat

doubl e

doubl e

| ong doubl e

| ong doubl e

Num

Num

Description
Generate num
Generate areal number from af | oat

Generate num as a real number from a
f1 oat, if an attribute is supplied it must
match num

Generate areal number from adoubl e

Generate anumas a rea number from a
doubl e, if an attributeis supplied it must
match num

Generate a rea number from a | ong
doubl e

Generate num as a real number from a
| ong doubl e, if an attributeis supplied
it must match num

Generate a real number Num using the
supplied real number formatting policies

Generate real number numasaNumusing
the supplied real number formatting
policies, if an attribute is supplied it must
match
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Integer Generators

Expression

lit(num
short _

short _(num

int_

int_(num

| ong_

| ong_(num

| ong_l ong

| ong_|l ong( num

i nt_generator<

Num Radi x, force_sign

>()

i nt_generator<

Num Radi x, force_sign

>() (num

Attribute

Unused

short

short

i nt

i nt

| ong

| ong

I ong | ong

| ong | ong

Num

Num

Description
Generate num
Generate a short integer

Generate numas a short integer, if an at-
tributeis supplied it must match

Generate an int

Generate numas an int, if an attribute is
supplied it must match

Generate along integer

Generate numaslong integer, if an attrib-
uteis supplied it must match

Generate along long

Generate numas along long, if an attrib-
uteis supplied it must match

Generate aNum

GenerateanumasaNum if an attributeis
supplied it must match
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Unsigned Integer Generators

Expression Attribute Description
lit(num Unused Generate num
ushort _ unsi gned short Generate an unsigned short integer
ushort_(num unsi gned short Generate num as an unsigned short in-
teger, if an attribute is supplied it must
match
uint _ unsi gned int Generate an unsigned int
ui nt _(num unsi gned i nt Generate numas an unsigned int, if an at-
tributeis supplied it must match
ul ong_ unsi gned | ong Generate an unsigned long integer
ul ong_(num unsi gned | ong Generate numasan unsigned long integer,
if an attributeis supplied it must match
ul ong_l ong unsi gned | ong | ong Generate an unsigned long long
ul ong_l ong( num unsi gned | ong | ong Generate numas an unsigned long long,
if an attributeis supplied it must match
bi n unsi gned int Generate a binary integer from an un-
signed int
oct unsi gned i nt Generate an octal integer from an un-
signed int
hex unsi gned int Generate a hexadecimal integer from an
unsi gned int
. Num Generate an unsigned Num
ui nt _gener at or <
Num Radi x
>()
i nt for< Num Generate an unsigned numasaNum if an
urnt_genera _or attribute is supplied it must match
Num Radi x
>() (num
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Boolean Generators

Expression
lit(num
bool _

bool _(b)

bool _generat or <
B, Policies

>()

bool _generat or <
B, Policies

>() (b)

Stream Generators

Attribute

Unused

bool

bool

See here for more information about Stream Generators.

Description
Generate num
Generate a boolean

Generate b as aboolean, if an attributeis
supplied it must match

Generate a boolean of type B

Generateabooleanb asaB, if an attribute
is supplied it must match
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Expression Attribute
stream hol d_any
streant(s) Unused
wst ream whol d_any
wst rean(s) Unused

basi c_hol d_any<Char >
stream gener at or <

Char
>()

Unused
stream generat or <

Char
>() (s)

Binary Generators

See here for more information about Binary Generators.

Description

Generate narrow character (char ) based
output using the matching streaming op-
erator<<()

Generate narrow character (char ) based
output from the immediate argument s
using the matching streaming oper at -
or<<()

Generatewide character (wchar _t ) based
output using the matching streaming op-
erat or <<()

Generatewide character (wchar _t ) based
output from the immediate argument s
using the matching streaming oper at -
or <<()

Generate output based on the given char-
acter type (Char) using the matching
streaming oper at or <<()

Generate output based on the given char-
acter typeChar fromtheimmediate argu-
ment s using the matching streaming op-
erator<<()
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Expression
byte

wor d

bi g_word

little_word

dwor d

bi g_dword

little_dword

gqwor d

bi g_gword

little_qgword

pad( num

Auxiliary Generators

Attribute
8 bits native endian

16 bits native endian

16 bits big endian

16 bits little endian

32 bits native endian

32 bitsbig endian

32 hitslittle endian

64 bits native endian

64 bits big endian

64 bitslittle endian

Unused

See here for more information about Auxiliary Generators.

Expression

attr_cast <Exposed>(a)

eol
eps
eps(b)

lazy(fg)

fg

Attribute

Exposed

Unused
Unused
Unused
Attribute of Gwhere Gis the return type

of fg

seel azy(fg) above

Description
Generate an 8 hit binary

Generate a 16 bit binary in native endian
representation

Generate a 16 bit binary in big endian
representation

Generate a 16 bit binary in little endian
representation

Generate a 32 hit binary in native endian
representation

Generate a 32 bit binary in big endian
representation

Generate a 32 hit binary in little endian
representation

Generate a 64 hit binary in native endian
representation

Generate a 64 bit binary in big endian
representation

Generate a 64 bit binary in little endian
representation

Generate additional null bytes allowing

to align generated output with memory
addresses divisible by num

Description

Invoke a while supplying an attribute of
type Exposed.

Generate the end of line (\ n)

Generate an empty string

If b istrue, generate an empty string
Invokef g at generation time, returning a
generator g which isthen called to gener-

ate.

Equivaentto! azy(fg)
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Auto Generators

See here for more information about Auto Generators.

Expression Attribute

auto_

hol d_any

Generator Operators

See here for more information about Generator Operators.

Expression Attribute

la A

&a A

-a opti onal <A>
*a vect or <A>

+a vect or <A>

al| b vari ant <A, B>
a<<b tupl e<A, B>
a %b vect or <A>

Description
Generate output using agenerator created

from the supplied attribute type using the
creat e_gener at or APl function.

Description

Not predicate. Ensure that a does not
succeed generating, but don't create any
output

And predicate. Ensurethat a does succeed
generating, but don't create any output

Optional. Generate a zero or onetime
Kleene. Generate a zero or more times
Plus. Generate a one or more times
Alternative. Generate a or b

Sequence. Generate a followed by b

List. Generate a delimited b one or more
times

For more information about the attribute propagation rules implemented by the compound generators please see

Generator Compound Attribute Rules.

Generator Directives

See here for more information about Generator Directives.
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Expression

| ower[ a]

upper|[ aj

left_align[al]

left_align(nunm|aj

left_align(g)[a]

left_align(num g)[a]

center[a]

center(nun|aj

center(g)[a]

center(num g)[a]

right_align[a]

right_align(num(a]

right_align(g)[a]

right_align(num g)[a]

maxwi dt h[ a]

Attribute

Description
Generate a as lower case
Generate a as upper case

Generatea left aligned in column of width
BOOST_KARMA_DE-
FAULT_FI ELD_LENGTH

Generatea left aligned in column of width
num

Generate a left aligned in column of width
BOOST KARMA _ DE-
FAULT_FI ELD LENGTHwhileusingg to
generate the necessary padding

Generatea left aligned in column of width
numwhile using g to generate the neces-
sary padding

Generate a centered in column of width
BOOST_KARMA_DE-
FAULT_FI ELD_LENGTH

Generate a centered in column of width
num

Generate a centered in column of width
BOOST KARMA DE-
FAULT_FI ELD_LENGTHwhileusing g to
generate the necessary padding

Generate a centered in column of width
numwhile using g to generate the neces-
sary padding

Generate a right aligned in column of
width BOOST_KARMA_DE-
FAULT_FI ELD_LENGTH

Generate a right aigned in column of
width num

Generate a right aligned in column of
width BOOST_KARMA_DE-
FAULT_FI ELD_LENGTHwhileusing g to
generate the necessary padding

Generate a right aligned in column of
width numwhile using g to generate the
necessary padding

Generate a truncated to column of width
BOOST_KARMA DEFAULT _FI ELD_MAX-
W DTH
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Expression

maxwi dt h( nunm [ a]

repeat [ a]

repeat (num [ a]

repeat (nunl, nun®)|[a]

repeat (num inf)[a]

ver bati nf a]
delimt[a]
delimt(d)][a]

no_del imt[a]

as<T>[] () [a]

as_string[][a]

as_wstring[][a]

omt[a]

ski p[ a]

dupl i cat e[ a]

buf f er[ a]

col umsJ a]

col ums(num [ a]

Attribute

A

vect or <A>

vect or <A>

vect or <A>

vect or <A>

A

Description

Generate a truncated to column of width
num

Repeat a zero or more times
Repeat a numtimes

Repeat a nuntl to nun® times
Repeat a numor more times

Disable delimited generation for a. Per-
forms post delimiting.

Reestablish thededlimiter that got inhibited
by verbatim

Used asadelimiter for generating a

Disable delimited generation for a. No
post-delimiting step performed.

Force atomic output from arbitrary attrib-
ute types

Force atomic output from string attributes

Force atomic output from wide character
string attributes

Consume the attribute type of a without
generating anything. The embedded gen-
erator will be always executed.

Consume the attribute type of a without
generating anything. The embedded gen-
erator will never be executed.

The supplied attribute will be duplicated
and passed unchanged to all embedded
elements of a sequence.

Temporarily intercept the output gener-
ated by a, flushing it only after a suc-
ceeded

Generate a split into BOOST_KARMA_DE-
FAULT_COLUWNS number of columns us-
ing kar ma: : eol ascolumn delimiter

Generate a split into num number of
columns using kar ma: : eol as column
delimiter
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Expression Attribute Description
col ums(g) [ a] A Generatea split into BOOST_KARVMA DE-

FAULT _COLUMNS number of columns us-
ing g as column delimiter

col ums(num g)[a] A Generate a split into num number of
columns using g as column delimiter

Generator Semantic Actions

Expression Attribute Description
g[fa] Attribute of g Call semantic action f a before invoking
g

Compound Attribute Rules

Notation

The notation we use is of the form:
a: A b: B ... --> conposite-expression: conposite-attribute

a, b, etc. arethe operands. A, B, etc. are the operand's attribute types. conposi t e- expr essi on isthe expression involving the op-
erands and conposi t e- at t ri but e isthe resulting attribute type of the composite expression.

For instance:
a: A b: B-->(a << Db): tuple<A B>

which reads as: given, a and b are generators, and A is the type of the attribute of a, and B is the type of the attribute of b, then the
type of the attribute of a << b will bet upl e<A, B>.

2 I mpor tant
In the attribute tables, we will usevect or <A> andt upl e<A, B. .. > asplaceholders only. The notation of vec-
t or <A> standsfor any STL container holding elements of type A and the notationt upl e<A, B. .. > standsfor any
Boost.Fusion sequence holding A, B, ... etc. elements. The notation of variant<A, B, ...> stands for a
Boost.Variant capable of holding A, B, ... etc. elements. Finally, Unused stands for unused_t ype.
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Compound Generator Attribute Types

Expression

Sequence (<<) (a << b)

Alternative(]) (a | b)

Kleene (* a)

Plus (unary +) (+a)

List (% (a % b)

Repetition (r epeat[])

Optional (unary -) (- a)

And predicate (unary &) (&a)

Not predicate (unary ! ) (! a)

Nonterminals

See here for more information about Nont er i nal s.

Notation

Attribute

a: A b: B-->(a << b): tuple<A B>

a: A b: Unused --> (a << b): A

a: Unused, b: B--> (a<<b): B

a: Unused, b: Unused --> (a << b): Unuse

a: A b: A-->(a << b): vector<A>

a: vector<A> b: A --> (a << b): vector<
a: A b vector<A> --> (a << b): vector<
a: vector<A>, b: vector<A> --> (a << b):
tor <A>

a: A b: B-->(a | b): variant<A B>
a: A b: Unused --> (a | b): A

a: Unused, b: B-->(a | b): B

a: Unused, b: Unused --> (a | b): Unused
a: A b: A-->(a| b): A

a: A-->*a: vector<A>

a: Unused --> *a: Unused

a: A --> +a: vector<A>

a: Unused --> +a: Unused

a: A b: B-->(a %b): vector<A>

a: Unused, b: B --> (a %b): Unused

a: A-->repeat(...,...)[a]l: vector<A>
a: Unused --> repeat(...,...)[a]: Unused
a: A-->-a optional <A>

a: Unused --> -a: Unused

a: A--> & A

a: A-->la A

RT Synthesized attribute. The rule or grammar's return type.

d

A>
A>
vecl

230

httpo://www.renderx.com/


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

Spirit 2.5.2

Argl, Arg2, ArgN Inherited attributes. Zero or more arguments.

L1,L2,LN Zero or more local variables.

r, r2 Rules

g A grammar

p A generator expression

my_gr ammar A user defined grammar

Terminology

Signature RT(Argl, Arg2, ... ,ArgN).Thesignature specifiesthe synthesized (return value) and inherited (arguments)
attributes.

Locals | ocal s<L1, L2, ..., LN>.Thelocal variables.

Delimiter The delimit-generator type

Template Arguments
I terator The iterator type you will use for parsing.

Al, A2, A3 Can be one of 1) Signature 2) Locals 3) Delimiter.
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Expression Description

rul e<Qutputlterator, Al, A2, A3> r(nane), Rule declaration. Qut put I t er at or isrequired. A1, A2, A3
areoptional and can be specified in any order. nane isan option-
al string that gives the rule its name, useful for debugging.

rul e<Qutputlterator, Al, A2, A3> r(r2); Copy construct ruler fromruler 2.

r =r2; Assignruler 2 tor . boost : : shar ed_pt r semantics.

r.alias() Return an dias of r . The dliasis a generator that holds a refer-
enceto r . Reference semantics.

r.copy() Getacopy of r.

r. name( nane) Set the name of arule

r.name() Get the name of arule

debug(r) Debugruler

r = g; Rule definition

r % g; Auto-rule definition. The attribute of g should be compatible

with the synthesized attribute of r . When g is successful, its at-
tribute is automatically propagated to r 's synthesized attribute.

Grammar definition. name is an optional string that gives the

t late <t Qut put I terator> . :
enplate =fypename but terator grammar its name, useful for debugging.

struct nmy_granmar grammar <Qut putlteratd
or, Al, A2, A3>

{
my_grammar () my_gr ant]
mar : : base_type(start, nane)
{
/1 Rule definitions
start =/* ... */;
}
rule<Cutputlterator, Al, A2, A3> start;
/1 nmore rule declarations...
}s

my_grammar<Outputlterator> g
g. nanme( nane)

g. name()

Instantiate a grammar
Set the name of a grammar

Get the name of agrammar

Generator Semantic Actions

Semantic Actions may be attached to any generator as follows:
gl f]

wheref isafunction with the signatures:
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void f(Attrib&);
void f(Attrib& Contexté&);
void f(Attrib& Contexté& bool&);

You can use Boost.Bind to bind member functions. For function objects, the allowed signatures are:

void operator()(Attrib& unused_type, unused_type) const;
void operator()(Attrib& Contexté& unused_type) const;
void operator()(Attrib& Context& bool &) const;

Theunused_t ype isused in the signatures above to signify ‘don't care'.

For more information see Semantic Actions.

Phoenix

Boost.Phoenix makesit easier to attach semantic actions. You just inline your lambda expressions:
g[ phoeni x- | anbda- expr essi on]

Sirit.Karma provides some Boost.Phoenix placeholders to access important information from the At t ri b and Cont ext that are
otherwise fiddly to extract.

Spirit.Karma specific Phoenix placeholders

1, 2, ..., N Nth attribute of g

_val The enclosing rule's synthesized attribute.

r1l, r2, ..., _rN The enclosing rule's Nth inherited attribute.

ca, _b, ..., ] The enclosing rule's local variables (_a refersto thefirst).
_pass Assignf al se to _pass to force agenerator failure.

2 I mportant
All placeholders mentioned above are defined in the namespace boost : : spi rit and, for your convenience, are
available in the namespace boost : : spirit:: kar ma aswell.

For more information see Semantic Actions.

Reference

Generator Concepts

Soirit.Karma generatorsfall into acouple of generalized concepts. The Generator isthe most fundamental concept. All Spirit.Karma
generators are models of the Generator concept. PrimitiveGenerator, UnaryGenerator, BinaryGenerator, NaryGenerator, and
Nonterminal are all refinements of the Generator concept.

The following sections provide details on these concepts.
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Generator
Description

The Generator isthe most fundamental concept. A Generator has amember function, gener at e, that acceptsan Qut put | t er at or

and returns bool as its result. The iterator receives the data being generated. The Generator's gener at e member function returns
t r ue if the generator succeeds. Each Generator can represent a specific pattern or algorithm, or it can be amore complex generator
formed as a composition of other Generators.

Notation
g A Gener at or.
G A Gener at or type.

Qutlter AnQutputlterator type

si nk AnCQut put I terat or instance.
Context  The generator's Context type.
context  The generator's Context, or unused.
delimt A delimiter Generator, or unused.
attrib A Compatible Attributes, or unused.
Valid Expressions

In the expressions bel ow, the behavior of the generator, g, aswell ashow del i mi t andat t ri b arehandled by g, areleft unspecified
in the base Gener at or concept. These are specified in subsequent, more refined concepts and by the actual models thereof.

For any Generator the following expressions must be valid:

Expression Semantics Return type

Generate the output sequence by inserting  bool
the generated charactergtokensintosi nk.
Use the del i mi t generator for delimit-
ing. Returnt r ue if successful, otherwise

g. gener at e(si nk, context, del
limt, attrib)

returnf al se.
g. what ( cont ext) Get information about a Generator. info
Type Expressions

Expression Description

G :tenplate attribute<Context>::type The Generator's attribute.

traits::is_generator<G::type Metafunction that evaluates to npl : : t rue_ if a certain type,
GisaGenerator, npl : : f al se_ otherwise (See MPL Boolean
Constant).

G :properties Annpl ::int_ (See MPL Integra Constant) holding a value

fromthekar ma: : gener at or _properti es enumeration. The
default valueisgener at or _properties::no_properties
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Postcondition
Upon return from g. gener at e the following post conditions should hold:
» On successful generation, si nk receives the generated characters/tokens sequence.
* No pre-delimits: del i mi t characters/tokens will not be emitted in front of any other output.
» Theattributeat t ri b has not been modified.
Models
All generators in Spirit.Karma are models of the Generator concept.
PrimitiveGenerator
Description
PrimitiveGenerator is the most basic building block that the client uses to build more complex generators.
Refinement of
Cener at or
Post-delimit

Before exiting the gener at e member function, a PrimitiveGenerator is required to do a post-delimit. This will generate a single
delimiting character/token sequence. Only PrimitiveGenerator's are required to perform this post-delimit. Thisis typically carried
out through acall tokarma: : del i mit_out:

karma: :delinmt_out(sink, delinmt);

Type Expressions

Expression Description
traits::is_primitive_generator<G::type Metafunction that evaluates to npl : : t rue_ if a certain type,

G isaPrimitiveGenerator, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Models

The following generators conform to this mode:
e eol,

* eps,

» Numeric generators,

» Character generators.

FIXM E Add more links to PrimitiveGenerator models here.
UnaryGenerator

Description

UnaryGenerator is acomposite generator that has a single subject. The UnaryGenerator may change the behavior of its subject fol-
lowing the Delegate Design Pattern.
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Refinement of

Cener at or

Notation

g A UnaryGenerator.

G A UnaryGenerator type.
Valid Expressions

In addition to the requirements defined in Gener at or , for any UnaryGenerator the following must be met:

Expression Semantics Return type
g. subj ect Subject generator. Gener at or

Type Expressions

Expression Description
G : subj ect _type The subject generator type.
traits::is_unary_generator<G::type Metafunction that evaluates to npl : : t rue_ if a certain type,

G is a UnaryGenerator, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Invariants

For any UnaryGenerator, G, the following invariant always holds:
e traits::is_generator<G :subject _type>::type evauatestonpl::true_
Models

The following generators conform to this model:

» Kleene Star (unary *) operator,

* Plus (unary +) operator,

* Optional (unary - ) operator,

» And predicate (unary &) and Not predicate (unary ! ) operators,
e left_align,center,andright_align directives,

» repeat directive,

* verbati mdirective,

e delinmt directive,

* | ower and upper directives,

* nmaxwi dt h directive,

e buf f er directive,
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e omit directive.

FIXME Add more links to models of UnaryGenerator concept
BinaryGenerator

Description

BinaryGenerator is acomposite generator that has atwo subjects, | eft and ri ght . The BinaryGenerator alows its subjects to be
treated in the same way as asingle instance of a Gener at or following the Composite Design Pattern.

Refinement of

Cener at or

Notation

g A BinaryGenerator.

G A BinaryGenerator type.
Valid Expressions

In addition to the requirements defined in Gener at or , for any BinaryGenerator the following must be met:

Expression Semantics Return type
g.left L eft generator. Gener at or
g.right Right generator. CGener at or

Type Expressions

Expression Description

G:left_type The left generator type.

G :right_type Theright generator type.
traits::is_binary_generator<G::type Metafunction that evaluates to npl : : t rue_ if a certain type,

G is a BinaryGenerator, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Invariants

For any BinaryGenerator, G, the following invariants always hold:

e traits::is_generator<G :left_type>: :type evauatestonpl::true_
e traits::is_generator<G :right_type>: :type evaluatestonpl ::true_
Models

The following generators conform to this model:

o List(%.

FIXME Add more links to models of BinaryGenerator concept

237

render

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/libs/spirit/doc/html/../../../../libs/mpl/doc/refmanual/integral-constant.html
http://www.boost.org/doc/libs/release/libs/spirit/doc/html/../../../../libs/mpl/doc/refmanual/integral-constant.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Spirit 2.5.2

NaryGenerator

Description

NaryGenerator is a composite generator that has one or more subjects. The NaryGenerator allows its subjects to be treated in the
same way as asingle instance of aGener at or following the Composite Design Pattern.

Refinement of

Cener at or

Notation

g A NaryGenerator.

G A NaryGenerator type.
Valid Expressions

In addition to the requirements defined in Gener at or , for any NaryGenerator the following must be met:

Expression Semantics Return type
g.el enents The tuple of elements. A Boost.Fusion Sequence of Gener at or
types.

Type Expressions

Expression Description
g. el ements_type Elements tuple type.
traits::is_nary_generator<G::type Metafunction that evaluates to npl : : t rue_ if a certain type,

G is a NaryGenerator, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Invariants

For each element, E, in any NaryGenerator, G, the following invariant always holds:
e traits::is_generator<E>: :type evauatestonpl ::true_

Models

The following generators conform to this model:

* Sequence (<),

o Alternative (] ).

FIXME Add more links to models of NaryGenerator concept

Nonterminal
Description

A Nonterminal is a symbol in a Parsing Expression Grammar production that represents a grammar fragment. Nonterminals may
self referenceto specify recursion. Thisisone of the most important concepts and the reason behind the word "recursive” in recursive
descent generation.
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Refinement of
CGener at or
Signhature

Rules can have both consumed and inherited attributes. The rule's Sgnature specifies both the consumed and inherited attributes.
The specification uses the function declarator syntax:

RT(AO, Al, A2, ..., AN

where RT isthe rule's consumed attribute and A0 ... AN are the rul€'s inherited attributes.
Attributes

The rule models a C++ function. The rule's consumed attribute is analogous to the function return value as it is the type -exposed-
by the rule. Its inherited attributes are analogous to function arguments. The inherited attributes (arguments) can be passed in just
like any Lazy Argument, e.g.:

r(expr) // Evaluate expr at parse tinme and pass the result to the Nonterm nal r

_val

Theboost : :spirit::karma::_val placeholder can beusedin Phoenix semantic actionsanywherein the Nonterminal's definition.
This Phoenix placeholder refers to the Nonterminal's (consumed) attribute. The _val placeholder acts like an immutable reference
to the Nonterminal's attribute.

E I Note
Starting with Spirit V2.5 (distributed with Boost VV1.47) the placeholder _val can be used in semantic actions attached
to top level generator components as well. See The Generator API for more information.

r1..r10

The boost: :spirit::_rl..boost::spirit::r10 placeholders can be used in Phoenix semantic actions anywhere in the
Nonterminal's definition. These Phoenix placeholders refer to the Nonterminal's inherited attributes.

Locals

Nonterminals can have local variables that will be created on the stack at runtime. A locals descriptor added to the Nonterminal de-
claration will give the Nonterminal local variables:

tenpl ate <typenane TO, typenane T1l, typenane T2, ..., typenane TN>
struct | ocal s;

where TO ... TN are the types of local variables accessible in your Phoenix semantic actions using the placehol ders:
* boost::spirit::_a
* boost::spirit::_b
* boost::spirit::_c
* boost::spirit::_d
* boost::spirit::_e

* boost::spirit::_f
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* boost::spirit::_g
* boost::spirit::_h
* boost::spirit:: i
* boost::spirit::_j

which correspond to the Nonterminal's local variables TO ... T9.

Notation

X A Nonterminal

X A Nonterminal type

argl,arg2,..,argN Lazy Arguments that evaluate to each of the Nonterminal's inherited attributes.

Valid Expressions

In addition to the requirements defined in Gener at or , for any Nonterminal the following must be met:

Expression Semantics Return type

X In a generator expression, invoke X
Nonterminal x

x(argl, arg2, ..., argN In a generator expression, invoke X
Nonterminal x passing ininherited attrib-
utesargl...argN

X. name( nane) Set the name of a Nonterminal voi d

X. name() Get the name of a Nonterminal std::string

Type Expressions

Expression Description
X::sig_type The Signature of X: An MPL Forward Sequence. Thefirst ele-

ment is the Nonterminal's consumed attribute type and the rest
are theinherited attribute types.

X::local s_type Thelocal variables of X: An MPL Forward Sequence.
Models

e rule

e grammar

Generator Basics

Lazy Argument

Some generators (e.g. primitives and non-terminals) may take in additional attributes. Such generators take the form:

g(al, a2,..., aN)
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where g is agenerator. Each of the arguments (al ... aN) can either be an immediate value, or afunction, f , with signature:

T f(Unused, Context)

where T, the function's return value, is compatible with the argument type expected and Cont ext is the generator's Context type
(Thefirst argument is unused to make the Cont ext the second argument. Thisis done for uniformity with Semantic Actions).

Character Encoding Namespace

Some generators need to know which character set achar or wchar _t is operating on. For example, the al numgenerator works
differently with 1SO8859.1 and ASCII encodings. Where necessary, Spirit encodes (tags) the generator with the character set.

We have a namespace for each character set Spirit will be supporting. That includes asci i, i s08859_1, st andar d and st and-
ar d_wi de (andinthefuture, uni code). In each of the character encoding namespaces, we place tagged versions of generators such
asal num space €tc.

Example:
usi ng boost::spirit::ascii::space; // use the ASCI| space generator

Namespaces:

* boost::spirit::ascii
 boost::spirit::iso8859 1

* boost::spirit::standard

* boost::spirit::standard_wide

For ease of use, the components in this namespaces are also brought into the karma sub-namespaces with the same names:
* boost::spirit::karma::ascii

* boost::spirit::karma::iso8859 1

* boost::spirit::karma::standard
 boost::spirit::karma::standard_wide
Examples

All sectionsin the reference present some real world examples. The examples use acommon test harness to keep the example code
as minimal and direct to the point as possible. The test harness is presented below.

Some includes:

#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

The used output iterator:

typedef std::back_insert_iterator<std::string> output_iterator_type;
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Our test functions:

This one tests the generators without attributes.

tenpl ate <typenane G
voi d test_generator(char const* expected, G const& Q)

{
std::string s;
std:: back_insert_iterator<std::string> out(s);
if (boost::spirit::karma::generate(out, g) & s == expected)
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

These test the generators with one or more user supplied attributes.

tenpl ate <typenanme G typenanme T>
voi d test _generator_attr(char const* expected, G const& g, T const& attr)

{
std::string s;
std:: back_insert_iterator<std::string> out(s);
if (boost::spirit::karma::generate(out, g, attr) &% s == expected)
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

tenpl ate <typenane G typenane T1, typenane T2>
voi d test_generator_attr(char const* expected, G const& g, Tl const& attrl,
T2 const& attr?2)

{
std::string s;
std::back_insert_iterator<std::string> out(s);
if (boost::spirit::karma::generate(out, g, attrl, attr2) &% s == expected)
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

This tests the generators with one attribute and while using delimited output.

tenpl ate <typenane G typenane Delimter, typenane T>
voi d test_generator_attr_delin{char const* expected, Gconst& g, Delinmter const& d, T const& attr)

{
std::string s;
std:: back_insert_iterator<std::string> out(s);
if (boost::spirit::karma::generate_delinmted(out, g, d, attr) &% s == expected)
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;
}

The examples of the binary generators use one or more of the following tests.
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tenpl ate <typenane G
voi d test _binary_generator(char const* expected, std::size_t size, G const& g)

{
std::string s;
std:: back_insert_iterator<std::string> out(s);
if (boost::spirit::karma::generate(out, g) && !std::mencnp(s.c_str(), expected, size))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;

tenpl ate <typenane G typenanme T>
void test_binary_generator_attr(char const* expected, std::size_ t size, Gconst& g, T const& attr)

{
std::string s;
std:: back_insert_iterator<std::string> out(s)
if (boost::spirit::karma::generate(out, g, attr) && !std::mencnp(s.c_str(), expected, size))
std::cout << "ok" << std::endl;
el se
std::cout << "fail" << std::endl;

Models

Predefined modelsinclude:

» any litera string, e.g. "Hello, World",
 apointer/reference to anull-terminated array of characters
e astd::basic_string<Char>

The namespaceboost : : spirit::traits isopenfor usersto provide their own specializations. The customization pointsimple-
mented by Spirit.Karma usable to customize the behavior of generators are described in the section Customization of Attribute
Handling.

Generator API

Iterator Based Generator API
Description

Thelibrary provides acouple of free functionsto make generating a snap. These generator functions have two forms. Thefirst form,
gener at e, concatenates the output generated by the involved components without inserting any output in between. The second
gener at e_del i mi t ed intersperses the output generated by the involved components using the given delimiter generator. Both
versions can take in attributes by (constant) reference that hold the attribute val ues to output.

Header

/'l forwards to <boost/spirit/hone/karne/ generate. hpp>
#i ncl ude <boost/spirit/include/karnma_generate. hpp>

For variadic attributes:

/1 forwards to <boost/spirit/home/karma/generate_attr. hpp>
#i ncl ude <boost/spirit/include/karma_generate_attr. hpp>
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The variadic attributes version of the API allows one or more attributes to be passed into the gener at e functions. The functions
taking two or more attributes are usable when the generator expression is a Sequence (<<) only. In this case each of the attributes
passed have to match the corresponding part of the sequence.

For the API functions deducing the correct (matching) generator type from the supplied attribute type:

/1l forwards to <boost/spirit/home/karma/ detail/generate_auto. hpp>
#i ncl ude <boost/spirit/include/ karnma_generate_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::karma::generate
boost::spirit::karma::generate_delimted
boost::spirit::karma::delimt_flag::predelimt

boost::spirit::karma::delimt_flag::dont_predelimt
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Synopsis

namespace boost { nanmespace spirit { nanespace karna
{
tenpl ate <typenane Qutputlterator, typename Expr>
i nline bool
gener at e(
Qut putlteratoré& sink
, Expr consté& expr);

tenpl ate <typenanme Qutputlterator, typename Expr
, typename Attrl, typenanme Attr2, ..., typenane AttrN>
inline bool
gener at e(
Qut putlteratoré& sink
, Expr consté& expr
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);

tenpl ate <typenanme Qutputlterator, typename Expr, typenanme Delimter>
i nline bool
generate_del i m ted(
Qut putlteratoré& sink
, Expr consté& expr
, Delimter const& deliniter
, BOOST_SCOPED ENUM delimit_flag) pre_delimt = delinmt_flag::dont_predelimt);

tenpl ate <typenane Qutputlterator, typenane Expr, typenane Deliniter
, typename Attrl, typename Attr2, ..., typenane AttrN>
i nline bool
generate_del i m ted(
Qut putlteratoré& sink
, Expr consté& expr
, Delimter const& deliniter
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);

tenpl ate <typenane Qutputlterator, typenane Expr, typenanme Deliniter
, typename Attrl, typenanme Attr2, ..., typenane AttrN>
i nline bool
generate_del i m ted(
Qut putlteratoré& sink
, Expr consté& expr
, Delimter const& deliniter
, BOOST_SCOPED ENUM del imit_flag) pre_delimt
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);
11}

S Note
Starting with Spirit V2.5 (distributed with Boost VV1.47) the placeholder _val can be used in semantic actions attached
to top level generator components. In thiscase _val refersto the supplied attribute as a whole. For API functions
taking more than one attribute argument _val will refer to a Fusion vector or references to the attributes.

Soirit.Karma generator API functions based on the automatic creation of the matching generator type:
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nanespace boost { nanespace spirit { nanespace karna

{
tenpl ate <typenane Qutputlterator, typename Attr, typenane Deliniter>
inline bool
generate_del i m ted(
Qutputlteratoré& sink
Attr const& attr
Delimter const& delimter
BOOST_SCOPED ENUM delimt _flag) pre_delimt = delinmt_flag::dont_predelimt);
tenpl ate <typenane Qutputlterator, typename Attr>
inline bool
gener at e(
Qutputlteratoré& sink
Attr consté& attr);
138

All functions above return t r ue if none of the involved generator components failed, and f al se otherwise. If during the process
of the output generation the underlying output stream reports an error, the return value will bef al se aswell.

The maximum number of supported argumentsis limited by the preprocessor constant SPI RI T_ARGUMENTS_LI M T. This constant
defaults to the value defined by the preprocessor constant PHOENI X_LI M T (which in turn defaultsto 10).

S Note
The variadic functions with two or more attributes internally combine (constant) references to all passed attributes
intoaf usi on: : vect or andforward thisasacombined attribute to the corresponding function taking one attribute.

Thegener at e_del i m t ed functions not taking an explicit del i mi t _f | ag asone of their arguments don't invoke the passed de-
limiter before starting to generate output from the generator expression. This can be enabled by using the other version of that
function while passing del i mi t _f 1 ag: : predel i mi t to the corresponding argument.

Template parameters

Parameter Description

Qut put | t er at or Qut put | t er at or receiving the generated output.

Expr An expression that can be converted to a Karma generator.

Delimter Generator used to delimit the output of the expression compon-
ents.

Attr An attribute type utilized to create the corresponding generator
type from.

Attrl,Attr2,..,AttrN One or more attributes.

Stream Based Generator API
Description

The library provides a couple of Standard IO Manipulators allowing to integrate Spirit.Karma output generation facilities with
Standard output streams. These generator manipulators have two forms. The first form, f or mat , concatenates the output generated
by the involved components without inserting any output in between. The second, f or mat _del i mi t ed, intersperses the output
generated by the involved components using the given delimiter generator. Both versions can take in attributes by (constant) reference
that hold the attribute values to output.
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Header

/1 forwards to <boost/spirit/home/karma/stream fornmat_nmani p. hpp>
#i ncl ude <boost/spirit/include/ karma_format. hpp>

For variadic attributes:

/'l forwards to <boost/spirit/hone/karnma/streaniformat_mani p_attr. hpp>
#i ncl ude <boost/spirit/include/karma_format_attr. hpp>

Thevariadic attributes version of the APl allows one or more attributesto be passed into thef or mat manipulators. The manipulators
taking two or more attributes are usable when the generator expression is a Sequence (<<) only. In this case each of the attributes
passed have to match the corresponding part of the sequence.

For the API functions deducing the correct (matching) generator type from the supplied attribute type:

/'l forwards to <boost/spirit/hone/karna/format_auto. hpp>
#i ncl ude <boost/spirit/include/karna_fornat_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::karma::formt

boost: :spirit::karma::format_delinmted
boost::spirit::karma::delimt_flag::predelimt

boost::spirit::karma::delimt_flag::dont_predelinit
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Synopsis

namespace boost { nanmespace spirit { nanespace karna

{
tenpl ate <typenane Expr>
i nline <unspecified>
format (
Expr const & xpr);
tenpl ate <typenane Expr
, typename Attrl, typenanme Attr2, ..., typenane AttrN>
i nline <unspecified>
format (
Expr const & xpr
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);
tenpl ate <typenane Expr, typename Deliniter>
i nline <unspecified>
format _delimted(
Expr const & expr
, Delimter const& d
, BOOST_SCOPED ENUM delimit_flag) pre_delimt = delinmt_flag::dont_predelimt);
tenpl ate <typenane Expr, typename Delimter
, typename Attrl, typenanme Attr2, ..., typenane AttrN>
i nline <unspecified>
format _delimted(
Expr const & expr
, Delimter const& d
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);
tenpl ate <typenane Expr, typename Delimter
, typename Attrl, typenanme Attr2, ..., typenane AttrN>
i nline <unspecified>
format _delimted(
Expr const & expr
, Delimter const& d
, BOOST_SCOPED ENUM del imit_flag) pre_delimt
, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);
11}

Soirit.Karma generator API functions based on the automatic creation of the matching generator type:

nanmespace boost { nanespace spirit { nanespace karna

{
tenpl ate <typenane Attr, typename Delimter>
i nline <unspecified>
format _delimted(
Attr const& attr
, Delimter const& d
, BOOST_SCOPED ENUM delimt _flag) pre_delimt = delimt_flag::dont_predelimt);
tenpl ate <typenane Attr>
i nline <unspecified>
format (
Attr const& xpr);
138

All functions above return a standard 10 stream manipulator instance (see Manipulators), which when streamed to an output stream
will result in generating the output as emitted by the embedded Spirit.Karma generator expression. Any error occurring during the
invocation of the Spirit.Karma generators will be reflected in the streams status flag (st d: : i os_base: : fai | bi t will be set).
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The maximum number of supported argumentsis limited by the preprocessor constant SPI RI T_ARGUMENTS_LI M T. This constant
defaults to the value defined by the preprocessor constant PHOENI X_LI M T (which in turn defaultsto 10).

S Note
The variadic manipulatorswith two or more attributesinternally combine (constant) referencesto all passed attributes

into af usi on: : vect or and forward this as a combined attribute to the corresponding manipulator taking one at-
tribute.

The f or mat _del i mi t ed manipulators not taking an explicit del i mi t _f | ag as one of their arguments don't invoke the passed
delimiter before starting to generate output from the generator expression. This can be enabled by using the other version of that
manipulator while passingdel i mit _fl ag: : predel i mi t to the corresponding argument.

Template parameters

Parameter Description

Expr An expression that can be converted to a Karma generator.

Delimter Generator used to delimit the output of the expression compon-
ents.

Attr An attribute type utilized to create the corresponding generator
type from.

Attrl,Attr2,.., AttrN One or more attributes.

API for Automatic Generator Creation
Description
The library implements a special API returning a generator instance for a supplied attribute type. This function finds the best

matching generator type for the attribute based on a set of simple matching rules (as outlined in the table below) applied recursively
to the attribute type. The returned generator can be utilized to emit output for the provided attribute.

Header

/1l forwards to <boost/spirit/home/karnma/ auto. hpp>
#i ncl ude <boost/spirit/include/karnma_auto. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::karma::create_generator

boost::spirit::traits::create_generator_exists
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Synopsis

namespace boost { nanmespace spirit { nanespace karna

{
tenpl ate <typenane Attr>
i nline <unspecified>
create_generator();

11}

The returned instance can be directly passed as the generator (or the delimiting generator) to any of the Spirit.Karma APl functions.
Additionally it can be assigned to arule as the rules right hand side expression. This function will return avalid generator type only
if the metafunctiontraits::create_generator_existsreturnsnpl : : true_. Otherwise it will fail compiling.

nanmespace boost { nanespace spirit { nanespace traits

{
tenpl ate <typenane Attr>
struct create_generator_exists;

133

The metafunction evaluatesto npl : : true_ if cr eat e_gener at or would return avalid generator for the giventype At tr .

The following table outlines the mapping rules from the attribute type to the generator type. These rules are applied recursively to
create the generator type which can be used to generate output from the given attribute type.

Attributetype

char,wchar t

short,int,long

unsi gned short,unsigned int,unsigned | ong
fl oat, doubl e,| ong doubl e
short,int,long

| ong | ong, unsi gned | ong | ong

bool

Any string (char const*, std::string, €tc.)
Any (STL) container

Any Fusion sequence

boost: : optional <>

boost : : vari ant <>

2 I mportant

Generator type

standard: : char_,standard_wi de: : char _
short _,int_,long_

ushort _,uint_,ulong_
float _,double_,long double
short _,int_,long_

I ong_l ong, ul ong_I ong

bool _

string

Kleene Star (unary ' *')
Sequence operator (' <<')
Optional operator (unary ' -')

Alternative operator (' | ')

The mapping for the generators| ong_| ong and ul ong_| ong areonly available on platformswhere the preprocessor
constant BOOST_HAS_LONG_LONGisdefined (i.e. on platforms having native support for | ong | ong andunsi gned
| ong | ong (64 bit) signed and unsigned integer types).
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Template parameters

Parameter Description
Attr An attribute type utilized to create the corresponding generator
type from.

Semantic Actions with Generators

Description

Semantic actions may be attached to any point in the grammar specification. They allow to call afunction or function object in order
to provide the value output by the generator attached to the semantic action. Semantic actions are associated with a generator using
the syntax g[ ] , where g is an arbitrary generator expression.

Header

/1 forwards to <boost/spirit/home/karma/action. hpp>
#i ncl ude <boost/spirit/include/karma_action. hpp>

Also, see Include Structure.
Model of

Unar yGener at or

Notation

a, g Instances of a generator, G

A Attribute type exposed by a generator, a

fa A (semantic action) function with signaturevoi d(Attri b& Cont ext & bool &) . Thethird parameter isaboolean

flag that can be set to false to force the generator to fail. Both Cont ext and the boolean flag are optional. For more
information see below.

Attrib The attribute to be used to generate output from.
Context  Thetype of the generator execution context. For more information see below.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression Semantics
g[fa] Call semantic action, f a before invoking g. The function or

function object f a is expected to provide the value to generate
output from to the generator g.

The possible signatures for functions to be used as semantic actions are:
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tenpl ate <typenane Attrib>
void fa(Attrib& attr)

tenpl ate <typenane Attrib, typenane Context>
void fa(Attrib& attr, Context& context)

tenpl ate <typenane Attrib, typenane Context>
void fa(Attrib& attr, Context& context, bool & pass)

The function or function object is expected to return the value to generate output from by assigning it to the first parameter, at tr.
Here At t r i b isthe attribute type of the generator attached to the semantic action.

The type Cont ext isthetype of the generator execution context. Thistype is unspecified and depends on the context the generator
isinvoked in. The value cont ext isused by semantic actions written using Phoenix to access various context dependent attributes
and values. For more information about Phoenix placeholder expressions usable in semantic actions see Nont er ni nal .

The third parameter, pass, can be used by the semantic action to force the associated generator to fail. If passisset to f al se the
action generator will immediately return f al se aswell, while not invoking g and not generating any output.

Attributes

Expression Attribute

a[ fal a: A-->a[fa]: A
Complexity

The complexity of the action generator is defined by the complexity of the generator the semantic action is attached to and the
complexity of the function or function object used as the semantic action.

2 Im portant
Please note that the use of semantic actionsin Spirit.Karma generally forcesthelibrary to create acopy of the attribute,
which might be a costly operation. Always consider using other means of associating a value with a particular
generator first.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

252

render

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/libs/spirit/doc/html/../../phoenix/doc/html/index.html
http://www.boost.org/doc/libs/release/libs/spirit/doc/html/../../phoenix/doc/html/index.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Spirit 2.5.2

using boost::spirit::karma::int_;
usi ng boost::spirit::karma::string
usi ng boost::spirit::karm::_1;

usi ng boost : :
usi ng boost : :

phoeni x: : ref
phoeni x: : val

Some examples:

int i = 42;
test_generator("42", int_[_1 =ref(i)])
test _generator("abc", string[_1 = val("abc")])

More examples for semantic actions can be found here: Exampl

Auto Generator

Description

es of Semantic Actions.

This module includes the description of the aut o_ generator. This generator can be used to automatically create a generator based

on the supplied attribute type.

Header

/1 forwards to <boost/spirit/home/karma/auto.h
#i ncl ude <boost/spirit/include/karma_auto. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::auto_ // alias: boost::spirit:
Model of

PrimtiveGenerator

Notation

S

pp>

karma: :auto_

A variable instance of any type for which a mapping to a generator typeis defined (the metafunctiontrai ts: : creat e_gen-

erator_exi sts returnsnpl : : t rue_) or aLazy Argument that evaluates to any type for which a mapping to a generator type
isdefined (the metafunctiontrai ts: : create_generat or _exi sts returnsnpl : : true_).

Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi t i veGener at or .
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Expression Description

auto_ Create agenerator instance compatible with the supplied attribute
type and use it for output generation. This generator never fails
(unless the underlying output stream reports an error).

auto_(s) Create a generator instance compatible with the supplied literal
value. This generator never fails (unless the underlying output
stream reports an error).

Additional Requirements

The aut o_ generators can be used to emit output for any data type for which a mapping to a generator type is defined (the meta
functiontrai ts: : creat e_gener at or _exi st s returnsnpl : : t r ue_). Thefollowing table outlinesthe predefined mapping rules
from the attribute type to the generator type. These rules are applied recursively to create the generator type which can be used to
generate output from the given attribute type.

Attributetype Generator type

char,wchar _t standard: : char _, standard_wi de: : char _
short,int,long short _,int_,long_

unsi gned short,unsigned int,unsigned | ong ushort _,uint _,ul ong_

fl oat, doubl e,| ong doubl e fl oat _,doubl e_,l ong_doubl e
short,int,long short _,int_,long_

| ong | ong, unsi gned | ong | ong | ong_| ong, ul ong_I ong

bool bool _

Any string (char const *, std: : stri ng, etc.) string

Any (STL) container Kleene Star (unary ' *')

Any Fusion sequence Sequence operator (' <<')

boost : : opti onal <> Optional operator (unary ' -')
boost : : vari ant <> Alternative operator (' | ')

It is possible to add support for any custom data type by implementing a specialization of the customization pointtraits::cre-
at e_gener at or . This customization can be used also to redefined any of the predefined mappings.

Attributes
Expression Attribute
aut o_ hol d_any, attribute is mandatory (otherwise compilation will
fail)
auto_(s) unused
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2 Im portant
Theattribute type hol d_any exposed by some of theaut o_ generatorsis semantically and syntactically equivalent
to the type implemented by Boost.Any. It has been added to Spirit as it has better a performance and a smaller
footprint if compared to Boost.Any.

g Note
In addition to their usual attribute of type At t ri b all listed generators accept an instance of aboost : : opti on-
al <Attrib>aswell. If the boost : : opti onal <> isinitialized (holds a value) the generators behave as if their
attributewasan instance of At t ri b and emit thevalue stored intheboost : : opt i onal <>. Otherwisethe generators

will fail.

Complexity

The complexity of the aut o_ generator depends on the attribute type. Each attribute type results in a different
generator type to be instantiated which defines the overall complexity.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoenix_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
usi ng boost::spirit::karma::auto_;
And aclass definition used in the examples:

/1l a sinple conplex nunber representation z = a + bi
struct conpl ex

{
conpl ex (double a, double b)
a(a), b(b)
{}
doubl e a
double b
¥

The following construct is required to allow the conpl ex data structure to be utilized as a Boost.Fusion sequence. Thisis reqU| red
as we will emit output for this data structure with a Spirit.Karma sequence: ' {* << karma::double_ << ',' <<
karma: : doubl e_ << '}
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BOOST_FUSI ON_ADAPT_STRUCT(

conpl ex
(doubl e, a)
(doubl e, b)

We add aspecidization for the create_generator customization point defining acustom output format for the complex type. Generally,
any specialization for create_generator is expected to return the proto expression to be used to generate output for the type the cus-
tomization point has been specialized for.

We need to utilize pr ot o: : deep_copy asthe expression contains literals (the' {*,',' ,and"' }' ) which normally get embedded
in the proto expression by reference only. The deep copy converts the proto tree to hold this by value. The deep copy operation can
be left out for simpler proto expressions (not containing references to temporaries). Alternatively you could use the
prot o: : make_expr facility to build the required proto expression.

namespace boost { nanespace spirit { namespace traits

{
tenpl ate <>
struct create_generator<conpl ex>
{
typedef proto::result_of::deep_copy<
BOOST _TYPEOF('{' << karmm::double_ << ', ' << karma::double_ << '}")
> itype type;
static type call ()
{
return proto::deep_copy(
"{'" << karma::double_ << ' ' << karma::double_ << '}")
}
s
11}

Some usage examples of aut o_ generators:

Emit asimple string using the kar ma: : st ri ng generator:

test_generator_attr("abc", auto_, "abc");
test _generator("abc", auto_("abc"));

Emit instances of the conpl ex data type as defined above using the generator defined by the customization point for conpl ex:

test_generator_attr("{1.2,2.4}", auto_, conplex(1l.2, 2.4))
test_generator("{1.2,2.4}", auto_(conplex(1.2, 2.4)))

Auxiliary Generators

Thismoduleincludes different auxiliary generators not fitting into any of the other categories. It includestheat t r _cast, eol , eps,
and | azy generators.

Module Header

/'l forwards to <boost/spirit/hone/karna/auxiliary.hpp>
#i ncl ude <boost/spirit/include/ karma_auxiliary. hpp>

Also, see Include Structure.
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Attribute Transformation Pseudo Generator (attr_cast)
Description

Theat tr_cast <Exposed, Transformed>() component invokes the embedded generator while supplying an attribute of type
Tr ansf or ned. The supplied attribute gets created from the original attribute (of type Exposed) passed to this component using the
customization pointtraits::transformattribute.

Header

/1l forwards to <boost/spirit/home/karma/auxiliary/attr_cast. hpp>
#i ncl ude <boost/spirit/include/ karma_attr_cast. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::attr_cast // alias: boost::spirit::karma::attr_cast
Synopsis

tenpl at e <Exposed, Transfornmed>
<unspeci fied> attr_cast (<unspecified>);

Template parameters

Parameter Description Default

Exposed The type of the attribute supplied to the unused_t ype
attr_cast.

Tr ansf or ned The type of the attribute expected by the unused_t ype
embedded generator g.

Theattr_cast isafunctiontemplate. It is possible to invoke it using the following schemes:

attr_cast(g)
attr_cast <Exposed>(g)
attr_cast <Exposed, Transforned>(g)

depending on which of the attribute types can be deduced properly if not explicitly specified.
Model of

Unar yGener at or
Notation
g A generator object.
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression Semantics
attr_cast(g) Create a component invoking the generator g while passing an

attribute of the type as normally expected by g. The type of the
supplied attribute will be transformed to the type g exposes as
its attribute type (by using the attribute customization point
traits::transformattribute). This generator does not
fail unless g fails.

attr_cast <Exposed>(g) Create a component invoking the generator g while passing an
attribute of the type as normally expected by g. The supplied
attribute is expected to be of the type Exposed, it will be
transformed to thetype g exposes asits attribute type (using the
attribute customizationpointtrai ts: : transform attri b-
ut e). This generator does not fail unless g fails.

attr_cast <Exposed, Transforned>(g) Create a component invoking the generator g while passing an
attribute of type Tr ansf or med. The supplied attributeis expec-
ted to be of thetype Exposed, it will betransformed to the type
Transforned (using the attribute customization point
traits::transform.attribute). This generator does not
fail unlessg fails.

Attributes
Expression Attribute
attr_cast(g) g: A-->attr_cast(g): A
attr_cast <Exposed>(g) g: A --> attr_cast <Exposed>(g): Exposed
attr_cast <Exposed, Transforned>(g) g: A --> attr_cast<Exposed, Transforned>(g):
Exposed
Complexity

The complexity of this component is fully defined by the complexity of the embedded generator g.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
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using boost::spirit::karma::int_

The examplereferences datastructurei nt _dat a which needsa specialization of the customization pointtrai ts: : transf orm at -
tribute:

/1 this is just a test structure we want to use in place of an int
struct int_data

{
}

int i;

/1 we provide a customattribute transformation to allowits use as an int
namespace boost { nanmespace spirit { nanespace traits

{
tenpl ate <>
struct transformattribute<int_data const, int, karna::domain>
{
typedef int type;
static int pre(int_data const& d) { return d.i; }
}s
|38

Now weusetheatt r _cast pseudo generator to invoke the attribute transformation:

int_datad=1{1};
test_generator_attr("1", boost::spirit::karma::attr_cast(int_), d);

End of Line Generator (eol )
Description

Theeol component generates asingle newline character. Itisequivalenttolit (' \n') or simply \n' (please seethechar _ gener-
ator module for more details).

Header

/1 forwards to <boost/spirit/home/karma/auxiliary/eol.hpp>
#i ncl ude <boost/spirit/include/ karma_eol . hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::eol // alias: boost::spirit::karna::eol
Model of

PrimtiveGenerator

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined inPri ni ti veGener at or.

259

render

httpo://www.renderx.com/


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

Spirit 2.5.2

Expression Semantics

eol Create a component generating asingle end of line character in
the output. This generator never fails (unless the underlying
output stream reports an error).

Attributes
Expression Attribute
eol unused
Complexity
0o(1)

The complexity is constant as a single character is generated in the output.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
usi ng boost::spirit::karma:: eol
Basic usage of the eol generator:

test_generator("\n", eol);
test _generator("abc\n", "abc" << eol)

Epsilon Generator (eps)

Thefamily of eps components allowsto create pseudo generators generating an empty string. Thisfeatureis sometimes useful either
to force a generator to fail or to succeed or to insert semantic actions into the generation process.

Description
The Epsilon (eps) is amulti-purpose generator that emits a zero length string.
Simple Form

Initssimplest form, eps creates a component generating an empty string while always succeeding:
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eps /'l always emts a zero-length string

Thisform isusually used to trigger a semantic action unconditionally. For example, it is useful in triggering error messages when a
set of aternativesfail:

r=al| b| c| epsferror()]; // Call error if a, b, and c fail to generate

Semantic Predicate

The eps(b) component generates an empty string as well, but succeeds only if b istrue and fails otherwise. It's lazy variant
eps(fb) isequivalent to eps(b) except it evaluates the supplied function f b at generate time, while using the return value as the
criteriato succeed.

Semantic predicates allow you to attach aconditional function anywherein the grammar. Inthisrole, the epsilon takesa L azy Argument
that returnst r ue or f al se. The Lazy Argument is typically atest that is called to resolve ambiguity in the grammar. A generator

failure will be reported when the Lazy Argument result evaluatesto f al se. Otherwise an empty string will be emitted. The general
formis:

eps_p(fb) << rest;

TheLazy Argument f b iscalled to do asemantic test. If thetest returnstrue, r est will be evaluated. Otherwise, the production will
return early without ever touching rest.

Header

/1l forwards to <boost/spirit/home/karnma/ auxiliary/eps. hpp>
#i ncl ude <boost/spirit/include/karma_eps. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::eps // alias: boost::spirit::karma::eps
Model of
PrimtiveGenerator
Notation
b A boolean value.
fb A Lazy Argument that evaluates to a boolean value.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined inPri i ti veGener at or.

261

render
httpo://www.renderx.com/


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

Spirit 2.5.2

Expression

eps

eps(b)

eps(fb)

Attributes

Expression

eps

eps(b)

eps(fb)

Complexity

0(1)

Semantics

Creates a component generating an empty string. Succeeds al-
ways.

Creates a component generating an empty string. Succeedsif b
ist rue (unlessthe underlying output stream reports an error).

Creates a component generating an empty string. Succeeds if

f b returnst r ue at generate time (unless the underlying output
stream reports an error).

Attribute
unused
unused

unused

The complexity is constant as no output is generated.

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support _utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_oper at or. hpp>
<boost/fusion/include/std_pair. hpp>

<i ostreanr

<string>

Some using declarations:

usi ng boost::spirit::karma::eps
usi ng boost : : phoeni x: : val

Basic usage of the eps generator:

test_generator("abc", eps[std::cout << val ("starting eps exanple")] << "abc")
test_generator("abc", eps(true) << "abc");
test_generator("", eps(false) << "abc"); /1l fails as eps expression is 'false
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Lazy Generator (I azy)
Description

Thefamily of | azy components allowsto use adynamically returned generator component for output generation. It callsthe provided
function or function object at generate time using its return value as the actual generator to produce the output.

Header

/1 forwards to <boost/spirit/hone/karma/auxiliary/lazy. hpp>
#i ncl ude <boost/spirit/include/karma_| azy. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::lazy // alias: boost::spirit::karnma::|azy

Model of

Cener at or

Notation

fg A function or function object that evaluates to a generator object (an object exposing the Gener at or ). This function will be
invoked at generate time.

The signature of f g is expected to be

G f(Unused, Context)

where G, the function's return value, is the type of the generator to be invoked, and Cont ext is the generator's Context type (The
first argument is unused to make the Cont ext the second argument. Thisis done for uniformity with Semantic Actions).

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Gener at or .

Expression Semantics

fg The Boost.Phoenix function object f g will beinvoked at gener-
atetime. It is expected to return a generator instance. This gen-
erator isthen invoked in order to generate the output. This gen-
erator will succeed as long as the invoked generated succeeds
aswell (unless the underlying output stream reports an error).

lazy(fg) Thefunction or function object will beinvoked at generatetime.
It is expected to return a generator instance (note this version
of | azy does not require f g to be a Boost.Phoenix function
object). This generator is then invoked in order to generate the
output. This generator will succeed aslong as the invoked gen-
erated succeeds as well (except if the underlying output stream
reports an error).
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Attributes
Expression Attribute
fg The attribute type Gas exposed by the generator g returned from
fg.
lazy(fg) The attribute type Gas exposed by the generator g returned from
fg.
Complexity

The complexity of thel azy component is determined by the complexity of the generator returned fromf g.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i nclude <string>

Some using declarations:

nanmespace karma = boost::spirit::karma;
usi ng boost::spirit::karma::_1;

using boost::spirit::ascii::string
usi ng boost : : phoeni x: : val

Basic usage of the | azy generator:

test_generator_attr("abc", karma::lazy(val (string)), "abc")
test _generator("abc", karma::lazy(val (string))[_1 = "abc"]);

Binary Generators

This module includes different generators allowing to output binary data. It includes generators for default, little, and big endian
binary output and apad generator allowing to control padding of the generated output stream.

Module Header

/1l forwards to <boost/spirit/home/karma/ bi nary. hpp>
#i ncl ude <boost/spirit/include/karma_binary. hpp>

Also, see Include Structure.
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Binary Native Endianness Generators
Description

The binary native endianness generators described in this section are used to emit binary byte streams laid out conforming to the
native endianness (byte order) of the target architecture.

Header

/1 forwards to <boost/spirit/home/karma/ bi nary. hpp>
#i ncl ude <boost/spirit/include/ karma_binary. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::byte_// alias: boost::spirit::karma::byte_
boost::spirit::word // alias: boost::spirit::karna::word
boost::spirit::dword // alias: boost::spirit::karma::dword
boost::spirit::qword // alias: boost::spirit::karma::qword
boost::spirit::bin_float // alias: boost::spirit::karma::bin_float

boost::spirit::bin_double // alias: boost::spirit::karma::bin_double

S Note
The generators gword and gword(gw) are only available on platforms where the preprocessor constant
BOOST_HAS_LONG_LONG is defined (i.e. on platforms having native support for unsi gned | ong | ong (64 hit)

integer types).

Model of

PrimtiveCGenerator

Notation
b A singlebyte (8 bit binary value) or aLazy Argument that evaluatesto a single byte

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always interpreted using native
endianness.

dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. Thisvalue is aways interpreted using native
endianness.

gw A 64 bit binary value or a Lazy Argument that evaluates to a 64 bit binary value. This value is always interpreted using native
endianness.

f A float binary value or a Lazy Argument that evaluates to a float binary value. This value is always interpreted using native
endianness.
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d A doublebinary value or aLazy Argument that evaluatesto adouble binary value. Thisvalueis alwaysinterpreted using native
endianness.

Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi ti veGener at or .
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Expression

byte_

wor d

dwor d

gwor d

bi n_f 1l oat

bi n_doubl e

byte_(b)

wor d(w)

dwor d( dw)

qwor d( qw)

bin_float(f)

bi n_doubl e(d)

Description

Output the binary representation of the least significant byte of
the mandatory attribute. This generator never fails (unless the
underlying output stream reports an error).

Output the binary representation of the least significant 16 bits
of the mandatory attribute in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of the mandatory attribute in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of the mandatory attribute in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the mandatory float attribute
in native endian representation. Thisgenerator never fails (unless
the underlying output stream reports an error).

Output the binary representation of the mandatory double attrib-
ute in native endian representation. This generator never fails
(unless the underlying output stream reports an error).

Output the binary representation of the least significant byte of
the immediate parameter. This generator never fails (unlessthe
underlying output stream reports an error).

Output the binary representation of the least significant 16 bits
of theimmediate parameter in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of theimmediate parameter in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of theimmediate parameter in native endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of theimmediate float paramet-
er in native endian representation. This generator never fails
(unless the underlying output stream reports an error).

Output the binary representation of theimmediate double para-
meter in native endian representation. Thisgenerator never fails
(unless the underlying output stream reports an error).
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Attributes

Expression Attribute

byte_ boost : : ui nt _| east 8_t, attribute is mandatory (otherwise
compilation will fail)

wor d boost : : ui nt _| east 16_t, attribute is mandatory (otherwise
compilation will fail)

dwor d boost : : ui nt _| east 32_t, attribute is mandatory (otherwise
compilation will fail)

gwor d boost : : ui nt _I east 64_t, attribute is mandatory (otherwise
compilation will fail)

bi n_f | oat f 1 oat , attribute is mandatory (otherwise compilation will fail)

bi n_doubl e doubl e, attributeismandatory (otherwise compilation will fail)

byte_(b) unused

wor d(w) unused

dwor d( dw) unused

gwor d( qw) unused

bi n_f | oat (f) unused

bi n_doubl e(d) unused

S Note
In addition to their usual attribute of type At tri b al listed generators accept an instance of aboost : : opti on-
al <Attrib>aswell. If the boost : : opti onal <> isinitialized (holds a value) the generators behave as if their
attributewasaninstance of At t r i b and emit thevalue stored intheboost : : opt i onal <>. Otherwisethe generators

will fail.

Complexity
O(N), where N is the number of bytes emitted by the binary generator

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:
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#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

using boost::spirit::karma::byte_;
using boost::spirit::karma:: word;
using boost::spirit::karma::dword
using boost::spirit::karma::qgword

Basic usage of the native binary generators with some results for little endian platforms:

test _binary_generator("\x01", 1, byte_ (0x01))

test _binary_generator("\x01\x02", 2, word(0x0201))

test _binary_generator("\x01\ x02\ x03\ x04", 4, dword(0x04030201))

test _binary_generator ("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08", 8, qword(0x0807060504030201LL))

test _binary_generator_attr
test_binary_generator_attr
test_binary_generator_attr
test _binary _generator_attr

"\x01", 1, byte_, 0x01)

"\ x01\ x02", 2, word, 0x0201)

"\ x01\ x02\ x03\ x04", 4, dword, 0x04030201)

"\ x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08", 8, qword, 0x0807060504030201LL);

_~ e~~~

Basic usage of the native binary generators with some results for big endian platforms;

test _binary_generator("\x01", 1, byte_(0x01))

test _bi nary_generator("\x02\ x01", 2, word(0x0201));

test _bi nary_generator ("\x04\ x03\ x02\ x01", 4, dword(0x04030201))

t est _bi nary_generator ( "\ x08\ x07\ x06\ x05\ x04\ x03\ x02\ x01", 8, qword(0x0807060504030201LL));

test _binary_generator_attr("\x01", 1, byte_, 0x01);
test _binary_generator_attr("\x02\x01", 2, word, 0x0201)

test _binary_generator_attr("\x04\x03\x02\x01", 4, dword, 0x04030201);
test _binary_generator_attr("\x08\x07\x06\ x05\ x04\ x03\ x02\ x01", 8, gword, 0x0807060504030201LL);

Binary Little Endianness Generators
Description

Thelittle native endianness generators described in this section are used to emit binary byte streamslaid out conforming to thelittle
endianness byte order.

Header

/1 forwards to <boost/spirit/hone/karnma/bi nary. hpp>
#i ncl ude <boost/spirit/include/ karma_binary. hpp>

Also, see Include Structure.
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Namespace

Name

boost::spirit::little_word // alias: boost::spirit::karma::little_word
boost::spirit::little_dword // alias: boost::spirit::karma::little_dword
boost::spirit::little_gword // alias: boost::spirit::karma::little_qword
boost::spirit::little_bin_float // alias: boost::spirit::karma::little_bin_float
boost::spirit::little_bin_double // alias: boost::spirit::karma::little_bin_double

S Note
Thegeneratorslittle gwordandlittle_gword(qgw) areonly available on platforms where the preprocessor
constant BOOST_HAS _LONG_LONGis defined (i.e. on platforms having native support for unsi gned | ong | ong
(64 bit) integer types).

Model of

PrimtiveCGenerator

Notation

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always interpreted using native
endianness.

dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. This value is always interpreted using native
endianness.

gw A 64 bit binary value or aLazy Argument that evaluates to a 64 bit binary value. This value is always interpreted using native
endianness.

f A float binary value or a Lazy Argument that evaluates to a float binary value. This value is always interpreted using native
endianness.

d A doublebinary value or aLazy Argument that evaluatesto adouble binary value. Thisvaueisalwaysinterpreted using native
endianness.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .
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Expression

little_word

little dword

little_qgword

little_bin_float

little_bin_double

little_word(w)

little_dword(dw)

little_gword(qw

little_bin_float(f)

little_bin_double(d)

Description

Output the binary representation of the least significant 16 bits
of the mandatory attribute in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of the mandatory attribute in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of the mandatory attribute in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the mandatory float attribute
inlittle endian representation. This generator never fails (unless
the underlying output stream reports an error).

Output the binary representation of the mandatory double attrib-
ute in little endian representation. This generator never fails
(unless the underlying output stream reports an error).

Output the binary representation of the least significant 16 bits
of theimmediate parameter in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of theimmediate parameter in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of theimmediate parameter in little endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of theimmediate float paramet-
er in little endian representation. This generator never fails
(unless the underlying output stream reports an error).

Output the binary representation of the immediate double para-
meter in little endian representation. This generator never fails
(unless the underlying output stream reports an error).
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Attributes
Expression Attribute
little_word boost : : ui nt _| east 16_t, attribute is mandatory (otherwise
compilation will fail)
little_dword boost : : ui nt _| east 32_t, attribute is mandatory (otherwise
compilation will fail)
little gword boost : : ui nt _| east 64_t , attribute is mandatory (otherwise
compilation will fail)
little_bin_float f 1 oat , attribute is mandatory (otherwise compilation will fail)
little_bin_double doubl e, attributeis mandatory (otherwise compilation will fail)
little_word(w) unused
little_dword(dw) unused
little_gword(qw) unused
little_bin_float(f) unused
little_bin_double(d) unused
Complexity

O(N), where N is the number of bytes emitted by the binary generator

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/karnma. hpp>
<boost/spirit/include/support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusion/include/std_pair. hpp>

<i ostreanr

<string>

Some using declarations:

using boost::spirit::karma::little_word
using boost::spirit::karma::little_dword,;
using boost::spirit::karma::little_qgword,;

Basic usage of the little binary generators:
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test _binary_generator("\x01\x02", 2, little_word(0x0201));

test _bi nary_generator ("\x01\ x02\ x03\ x04", 4, little_dword(0x04030201));

test _bi nary_generator ("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08", 8, little_qgword(0x0807060504030201LL));
test _binary_generator_attr("\x01\x02", 2, little_word, 0x0201);
test_binary_generator_attr("\x01\x02\x03\x04", 4, little_dword, 0x04030201);

test _binary_generator_at0
tr("\x01\ x02\ x03\ x04\ x05\ x06\ x07\ x08", 8, little_gword, 0x0807060504030201LL);

Binary Big Endianness Generators
Description

The big native endianness generators described in this section are used to emit binary byte streams laid out conforming to the big
endianness byte order.

Header

/1l forwards to <boost/spirit/home/karma/ bi nary. hpp>
#i ncl ude <boost/spirit/include/karma_binary. hpp>

Also, see Include Structure.

Namespace

Name

boost: :spirit::big_word // alias: boost::spirit::karma::big_word
boost::spirit::big dword // alias: boost::spirit::karnma::big_dword
boost::spirit::big gword // alias: boost::spirit::karma::big_gword
boost::spirit::big_bin_float // alias: boost::spirit::karma::big_bin_float

boost: :spirit::big_bin_double // alias: boost::spirit::karma::big_bin_double

S Note
The generatorsbi g_qwor d and bi g_qgwor d(qw) are only available on platforms where the preprocessor constant
BOOST_HAS_LONG_LONGis defined (i.e. on platforms having native support for unsi gned | ong | ong (64 hit)

integer types).

Model of

PrimtiveCGenerator

Notation

w A 16 bit binary value or a Lazy Argument that evaluates to a 16 bit binary value. This value is always interpreted using native
endianness.

dw A 32 hit binary value or aLazy Argument that evaluates to a 32 bit binary value. This value is always interpreted using native
endianness.
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gw A 64 hit binary value or a Lazy Argument that evaluates to a 64 bit binary value. This value is always interpreted using native
endianness.

f A float binary value or a Lazy Argument that evaluates to a float binary value. This value is always interpreted using native
endianness.

d A doublebinary value or aLazy Argument that evaluatesto adouble binary value. Thisvalueis alwaysinterpreted using native
endianness.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .
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Expression

bi g_word

bi g_dword

bi g_gword

bi g_bin_float

bi g_bi n_doubl e

bi g_word(w)

bi g_dwor d( dw)

bi g_gwor d(qw)

bi g_bin_fl oat(f)

bi g_bi n_doubl e(d)

Description

Output the binary representation of the least significant 16 bits
of the mandatory attribute in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of the mandatory attribute in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of the mandatory attribute in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the mandatory float attribute
in big endian representation. This generator never fails (unless
the underlying output stream reports an error).

Output the binary representation of the mandatory double attrib-
ute in big endian representation. This generator never fails (un-
less the underlying output stream reports an error).

Output the binary representation of the least significant 16 bits
of the immediate parameter in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 32 bits
of the immediate parameter in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of the least significant 64 bits
of the immediate parameter in big endian representation. This
generator never fails (unlessthe underlying output stream reports
an error).

Output the binary representation of theimmediate float paramet-
er in big endian representation. This generator never fails (unless
the underlying output stream reports an error).

Output the binary representation of the immediate double para-
meter in big endian representation. This generator never fails
(unless the underlying output stream reports an error).
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Attributes
Expression Attribute
bi g_word boost : : ui nt _| east 16_t, attribute is mandatory (otherwise
compilation will fail)
bi g_dword boost : : ui nt _| east 32_t, attribute is mandatory (otherwise
compilation will fail)
bi g_gword boost : : ui nt _| east 64_t , attribute is mandatory (otherwise
compilation will fail)
bi g_bi n_f | oat f 1 oat , attribute is mandatory (otherwise compilation will fail)
bi g_bi n_doubl e doubl e, attributeis mandatory (otherwise compilation will fail)
bi g_word(w) unused
bi g_dwor d( dw) unused
bi g_gwor d(qw) unused
big _bin_float(f) unused
bi g_bi n_doubl e(d) unused
Complexity

O(N), where N is the number of bytes emitted by the binary generator

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/karnma. hpp>
<boost/spirit/include/support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusion/include/std_pair. hpp>

<i ostreanr

<string>

Some using declarations:

usi ng boost::spirit::karnma::big_word,
usi ng boost::spirit::karma::big_dword
usi ng boost::spirit::karma::big_qword

Basic usage of the big binary generators:
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test _bi nary_generator("\x02\x01", 2, big_word(0x0201));

test _bi nary_generator ("\x04\ x03\ x02\ x01", 4, big_dword(0x04030201));

test _bi nary_generator ("\x08\ x07\ x06\ x05\ x04\ x03\ x02\ x01", 8, big_qword(0x0807060504030201LL));
test _binary_generator_attr("\x02\x01", 2, big word, 0x0201);

test _binary_generator_attr("\x04\x03\x02\x01", 4, big_dword, 0x04030201);
test _binary_generator_attr("\x08\x07\ x06\ x05\ x04\ x03\ x02\ x01", 8, bi g_qword, 0x0807060504030201LL);

Char Generators

This module includes different character oriented generators allowing to output single characters. Currently, it includes literal chars
(eg.' x',L'x"),char _ (singlecharacters, ranges and character sets) and the encoding specific character classifiers(al num al pha,
digit,xdigit,€etc).

Module Header

/'l forwards to <boost/spirit/honme/karnmal/char. hpp>
#i ncl ude <boost/spirit/include/karma_char. hpp>

Also, see Include Structure.

Character Generators (char_, lit)
Description

The character generators described in this section are;

Thechar _ generator emitssingle characters. Thechar _ generator has an associated Character Encoding Namespace. Thisis needed
when doing basic operations such as forcing lower or upper case and dealing with character ranges.

There are various forms of char _.
char_

The no argument form of char _ emits any character in the associated Character Encoding Namespace.

char _ /1 emts any character as supplied by the attribute

char_(ch)

The single argument form of char _ (with a character argument) emits the supplied character.

char _('x") /1l emts 'Xx'
char _(L'x") /1l emts L'X'
char _(x) /1 emts x (a char)

char_(first, last)

char _ with two arguments, emits any character from arange of characters as supplied by the attribute.

char_('a',"'z") /1 al phabetic characters
char_(L'0",L"9") /1 digits

A range of charactersis created from alow-high character pair. Such agenerator emitsasingle character that isin therange, including
both endpoints. Note, the first character must be before the second, according to the underlying Character Encoding Namespace.
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Character mapping is inherently platform dependent. It is not guaranteed in the standard for examplethat' A < ' z', that iswhy
in Spirit2, we purposely attach a specific Character Encoding Namespace (such as ASCII, 1SO-8859-1) to the char _ generator to
eliminate such ambiguities.

N

char_(def)

Note

Spar se bit vectors

To accommodate 16/32 and 64 bit characters, the char-set statically switchesfromast d: : bi t set implementation
when the character type is not greater than 8 bits, to a sparse bit/boolean set which uses a sorted vector of digoint
ranges (r ange_r un). The set is constructed from ranges such that adjacent or overlapping ranges are coal esced.

range_runs are very space-economical in situations where there are lots of ranges and a few individual disjoint
values. Searching is O(log n) where n is the number of ranges.

Lastly, when given a string (a plain C string, a st d: : basi c_stri ng, €tc.), the string is regarded as a char-set definition string
following a syntax that resembles posix style regular expression character sets (except that double quotes delimit the set elements
instead of sguare brackets and there is no special negation ” character). Examples:

char_("a-zA-2Z") /1 al phabetic characters
char_("0-9a-fA-F") [// hexadeci nal characters
char _("act gACTG") /1 DNA identifiers

char _("\x7f\x7e") /'l Hexadeci mal Ox7F and Ox7E

These generators emit any character from arange of characters as supplied by the attribute.

lit(ch)

I'i t, when passed asingle character, behaveslikethe single argument char _ exceptthat | i t does not consume an attribute. A plain
char orwchar _t isequivalenttoalit.

N

Examples:

L
lit('x")
lit(L x")
lit(c)

Header

Note

l'i t isreused by the String Generators, the char generators, and the Numeric Generators (see signed integer, unsigned
integer, and real number generators). In general, a char generator is created when you pass in a character, a string
generator is created when you pass in a string, and a numeric generator is created when you use a numeric literal.
The exception is when you pass a single element literal string, e.g. 1it ("x"). In this case, we optimize this to
create a char generator instead of a string generator.

// ¢ is a char

/'l forwards to <boost/spirit/hone/karma/char/char. hpp>
#i ncl ude <boost/spirit/include/karnma_char_. hpp>

Also, see Include Structure.
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Namespace

Name

boost::spirit::lit // alias: boost::spirit::karma::lit
ns::char _

In the table above, ns represents a Character Encoding Namespace.

Model of

PrimtiveCGenerator

Notation

ch,chi, ch2 Character-class specific character (See Character Class Types), or aL azy Argument that evaluatesto acharacter-
class specific character value

cs Character-set specifier string (See Character Class Types), or aLazy Argument that evaluates to a character-set
specifier string, or a pointer/reference to a null-terminated array of characters. This string specifies a char-set
definition string following a syntax that resembles posix style regular expression character sets (except the
square brackets and the negation ~ character).

ns A Character Encoding Namespace.

cg A char generator, a char range generator, or a char set generator.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .
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Expression

ch

lit(ch)
ns::char _
ns::char_(ch)
ns::char_("c")

ns::

ns::

~Cg

char_(chl, ch2)

char_(cs)

Description

Generate the character literal ch. This generator never fails
(unless the underlying output stream reports an error).

Generate the character literal ch. This generator never fails
(unless the underlying output stream reports an error).

Generate the character provided by amandatory attribute inter-
preted in the character set defined by ns. This generator never
fails (unless the underlying output stream reports an error).

Generate the character ch as provided by the immediate literal
value the generator isinitialized from. If this generator has an
associated attribute it succeeds only as long as the attribute is
equal to the immediate literal (unless the underlying output
stream reports an error). Otherwise this generator failsand does
not generate any output.

Generate the character ¢ as provided by the immediate literal
value the generator is initialized from. If this generator has an
associated attribute it succeeds only as long as the attribute is
equal to the immediate literal (unless the underlying output
stream reportsan error). Otherwise thisgenerator failsand does
not generate any output.

Generate the character provided by amandatory attribute inter-
preted in the character set defined by ns. The generator succeeds
as long as the attribute belongs to the character range [ ch1,

ch2] (unless the underlying output stream reports an error).
Otherwisethis generator fails and does not generate any output.

Generate the character provided by amandatory attribute inter-
preted in the character set defined by ns. The generator succeeds
as long as the attribute belongs to the character set cs (unless
the underlying output stream reports an error). Otherwise this
generator fails and does not generate any output.

Negate cg. The result is a negated char generator that inverts
the test condition of the character generator it is attached to.

A character ch isassumed to belong to the character range defined by ns: : char _(ch1, ch2) if itscharacter value (binary repres-
entation) interpreted in the character set defined by ns isnot smaller than the character value of ch1 and not larger then the character

valueof ch2 (i.e.chl <= ch <= ch2).

Thechar set parameter passed tons: : char _( char set) must be a string containing more than one character. Every single char-

acter in this string is assumed to belong to the character set defined by this expression. An exception to thisisthe* -
which has a special meaning if it is not specified asthe first and not the last character inchar set . If the* -

character
isused in between to

charactersitisinterpreted as spanning a character range. A character ch isconsidered to belong to the defined character set char set
if it matches one of the characters as specified by the string parameter described above. For example
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Example Description
char _("abc") ‘a,'b, and'c'
char_("a-z") all characters (and including) from 'a to 'z’
char_("a-zA-Z") all characters (and including) from 'a to 'z’ and 'A' and 'Z'
char_("-1-9") '-'and all characters (and including) from '1' to'9'
Attributes
Expression Attribute
ch unused
lit(ch) unused
ns::char_ Ch, attribute is mandatory (otherwise compilation will fail). Ch

isthe character type of the Character Encoding Namespace, ns.

ns::char_(ch) Ch, attributeisoptional, if itissupplied, the generator compares
the attribute with ch and succeeds only if both are equal, failing
otherwise. Ch is the character type of the Character Encoding
Namespace, ns.

ns::char_("c") Ch, attributeisoptional, if itissupplied, the generator compares
the attribute with ¢ and succeeds only if both are equal, failing
otherwise. Ch is the character type of the Character Encoding
Namespace, ns.

ns::char_(chl, ch2) Ch, attribute is mandatory (otherwise compilation will fail), the
generator succeedsif the attribute belongsto the character range
[ch1, ch2] interpreted inthe character set defined by ns. Ch
isthe character type of the Character Encoding Namespace, ns.

ns::char_(cs) Ch, attribute is mandatory (otherwise compilation will fail), the
generator succeeds if the attribute belongs to the character set
cs, interpreted in the character set defined by ns. Ch is the
character type of the Character Encoding Namespace, ns.

~cg Attribute of cg

S Note
In addition to their usual attribute of type Ch al listed generators accept an instance of aboost : : opt i onal <Ch>
aswell. If theboost : : opti onal <> isinitialized (holds a value) the generators behave asiif their attribute was an
instance of Ch and emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.
Complexity
O(1)

The complexity of ch, it (ch),ns::char_,ns::char_(ch),andns::char_("c") isconstant asall generators emit exactly
one character per invocation.
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The character range generator (ns: : char _(chl, ch2)) additionally requires constant lookup time for the verification whether
the attribute belongs to the character range.

The character set generator (ns: : char _(cs) ) additionally requires O(log N) lookup time for the verification whether the attribute
belongs to the character set, where N is the number of characters in the character set.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

using boost::spirit::karma::lit;
usi ng boost::spirit::ascii::char_;

Basic usage of char _ generators:

test_generator("A", "A);
test_generator("A", lit("A));
test_generator_attr("a", char_, "a');

test_generator("A", char_('A));
test_generator_attr("A", char_('A), "A);
test_generator_attr("", char_("A), 'B); /I fails (as "A" !'="'B")

test_generator_attr("A", char_("A, "Z"), "A);
test_generator_attr("", char_("A, "Z'), "a'); /'l fails (as 'a'" does not belong to "A ..."Z")

test_generator_attr("k", char_("a-z0-9"), "k');
test_generator_attr("", char_("a-z0-9"), "A); /1l fails (as '"A does not belong to "a-z0-9")

Character Classification Generators (al num digi t, etc.)
Description

Thelibrary has the full repertoire of single character generators for character classification. Thisincludes the usual al num al pha,
digit,xdigit, etc. generators. These generators have an associated Character Encoding Namespace. This is needed when doing
basic operations such as forcing lower or upper case.

Header

/1 forwards to <boost/spirit/hone/karma/char/char_cl ass. hpp>
#i ncl ude <boost/spirit/include/karma_char_cl ass. hpp>
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Also, see Include Structure.

Namespace
Name

ns: :al num
ns: : al pha
ns: : bl ank
ns::cntrl
ns::digit
ns: : graph
ns: : | ower
ns::print
ns: : punct
ns::space
ns: : upper
ns:: xdigit

In the table above, ns represents a Character Encoding Namespace used by the corresponding character class generator. All listed
generators have a mandatory attribute Ch and will not compile if no attribute is associated.

Model of

PrimtiveCenerator
Notation
ns A Character Encoding Namespace.

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined inPri ni ti veGener at or .
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Expression
ns: :al num
ns: : al pha
ns: : bl ank
ns::cntrl
ns::digit
ns: : graph
ns::print
ns: : punct
ns: :xdigit

Semantics

If the mandatory attribute satisfies the concept of st d: : i sal -
numin the Character Encoding Namespace the generator suc-
ceeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of st d: : i sal -
pha in the Character Encoding Namespace the generator suc-
ceeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of st d: : i sb-
I ank in the Character Encoding Namespace the generator suc-
ceeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of
std::iscntrl in the Character Encoding Namespace the
generator succeeds after emitting its attribute (unless the under-
lying output stream reports an error). This generator fails other-
wise while not generating anything.

If the mandatory attribute satisfies the concept of st d: : i sdi -
gi t in the Character Encoding Namespace the generator suc-
ceeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of std: :i s-
graph in the Character Encoding Namespace the generator
succeeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of std: :i s-
print in the Character Encoding Namespace the generator
succeeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of std: :is-
punct in the Character Encoding Namespace the generator
succeeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

If the mandatory attribute satisfies the concept of
std::isxdigit in the Character Encoding Namespace the
generator succeeds after emitting its attribute (unless the under-
lying output stream reports an error). This generator fails other-
wise while not generating anything.
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Expression Semantics
ns: : | ower If the mandatory attribute satisfies the concept of std: :is-

| ower in the Character Encoding Namespace the generator
succeeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

ns: : upper If the mandatory attribute satisfies the concept of st d: : i sup-
per in the Character Encoding Namespace the generator suc-
ceeds after emitting its attribute (unless the underlying output
stream reports an error). This generator fails otherwise while
not generating anything.

ns::space If the optional attribute satisfiesthe concept of st d: : i sspace
in the Character Encoding Namespace the generator succeeds
after emitting its attribute (unless the underlying output stream
reportsan error). Thisgenerator fails otherwise while not gener-
ating anything.If no attribute is supplied this generator emits a
single space character in the character set defined by ns.

Possible values for ns are described in the section Character Encoding Namespace.

E Note
Thegeneratorsal pha and al nummight seem to behave unexpected if used insideal ower [ ] or upper [] directive.
Both directives additionally apply the semantics of st d: : i sl ower or std: : i supper to the respective character
class. Some examples:

std::string s;

std:: back_insert_iterator<std::string> out(s);

generate(out, lower[alpha]l, "a'); /1 succeeds emtting 'a'
generate(out, lower[alphal, "A); [l fails

The generator directive upper [] behaves correspondingly.

Attributes

All listed character class generators can take any attribute Ch. All character classgenerators (except space) require
an attribute and will fail compiling otherwise.

@ Note
In addition to their usual attribute of type Ch al listed generators accept an instance of aboost : : opt i onal <Ch>
aswell. If theboost : : opti onal <> isinitialized (holds avalue) the generators behave asiif their attribute was an
instance of Ch and emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

Complexity
O(1)

The complexity is constant as the generators emit not more than one character per invocation.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::al pha
usi ng boost: :spirit::karma::upper;

Basic usage of an al pha generator:

test_generator_attr("a", alpha, 'a')
test_generator_attr("A", alpha, 'A")

test_generator_attr("", alpha, '1'); /1 fails (as isalpha('1l") is false)
test _generator_attr("A", upper[alphal, 'A")
test_generator_attr("", upper[alphal, "a'); /1 fails (as isupper('a') is false)

Generator Directives

This module includes different generator directives. It includes alignment directives (1 eft_align[], center[], and
right _align[]), repetition (r epeat [ ]), directivescontrolling automatic delimiting (ver bati n{],no_delim t[],anddel i m
i t[]),controlling case sensitivity (upper [] andl ower []), fieldwidth (maxwi dt h[ 1), buffering (buf f er [ ] ), splitting into columns
(col ums|[]) and attribute handling (dupl i cate[],omi t[],and skip[]).

Module Header

/1 forwards to <boost/spirit/home/karma/directive. hpp>
#i ncl ude <boost/spirit/include/ karma_directive. hpp>

Also, see Include Structure.
Alignment Generator Directives (left_align[], center[],right_align[])

Description

Thealignment directivesallow to left align, right align or center output emitted by other generatorsinto columns of a specified width
while using an arbitrary generator to create the padding.

Header

Forthel eft _al i gn[] directive:
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/'l forwards to <boost/spirit/hone/karnma/directivel/left_alignnent. hpp>
#i ncl ude <boost/spirit/include/ karnma_| eft_alignnent. hpp>

For thecent er[] directive:

/1 forwards to <boost/spirit/hone/karma/directive/center_alignment. hpp>
#i ncl ude <boost/spirit/include/karma_center_alignment. hpp>

Fortheright _align[] directive:

/'l forwards to <boost/spirit/honme/karma/directivel/right_alignment. hpp>
#i ncl ude <boost/spirit/include/karma_right_alignment. hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::left_align // alias: boost::spirit::karma::left_align
boost::spirit::center // alias: boost::spirit::karma::center
boost::spirit::right_align // alias: boost::spirit::karma::right_align
Model of

Unar yGener at or

Notation
a A generator object
pad A generator object, or aLazy Argument that evaluates to a generator object

A, Pad Attribute types of the generators a and pad
wi dt h Numeric literal, any unsigned integer value, or a Lazy Argument that evaluates to an unsigned integer value
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression

| eft_align[a]

I eft_align(w dth)][a]

| eft _align(pad)[a]

left_align(wdth, pad)[a]

center[a]

center(w dth)[a]

center(pad)[a]

center(w dth, pad)[a]

Semantics

Generate a left aligned in a column of width as defined by the
preprocessor constant BOOST_KARMA DEFAULT_FI ELD_LENGTH
(default: 10), while using space to emit the necessary padding.
This generator succeeds as long as its embedded generator a
does not fail (unless the underlying output stream reports an
error).

Generate a left aligned in a column of the given wi dt h, while
using space to emit the necessary padding. This generator
succeeds as long as its embedded generator a does not fail (un-
less the underlying output stream reports an error).

Generate a left aligned in a column of width as defined by the
preprocessor constant BOOST_KARVA_DEFAULT_FI ELD_LENGTH
(default: 10), while using the generator pad to emit the necessary
padding. This generator succeeds as long as its embedded and
padding generatorsa and pad do not fail (except if the underly-
ing output stream reports an error).

Generate a left aligned in a column of the given wi dt h, while
using the generator pad to emit the necessary padding. This
generator succeeds as long as its embedded and padding gener-
atorsa and pad do not fail (unlessthe underlying output stream
reports an error).

Generate a centered in a column of width as defined by the
preprocessor constant BOOST _KARMA DEFAULT _FI ELD LENGTH
(default: 10), while using space to emit the necessary padding.
This generator succeeds as long as its embedded generator a
does not fail (unless the underlying output stream reports an
error).

Generatea centered in acolumn of thegivenwi dt h, whileusing
space to emit the necessary padding. This generator succeeds
as long as its embedded generator a does not fail (unless the
underlying output stream reports an error).

Generate a centered in a column of width as defined by the
preprocessor constant BOOST_KARVA_DEFAULT_FI ELD_LENGTH
(default: 10), while using the generator pad to emit the necessary
padding. This generator succeeds as long as its embedded and
padding generatorsa and pad do not fail (except if the underly-
ing output stream reports an error).

Generatea centered in acolumn of thegivenwi dt h, whileusing
the generator pad to emit the necessary padding. Thisgenerator
succeeds aslong as its embedded and padding generatorsa and
pad do not fail (unless the underlying output stream reports an
error).

render
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Expression Semantics
right_align[a) Generate a right aligned in acolumn of width as defined by the

preprocessor constant BOOST_KARMA DEFAULT_FI ELD_LENGTH
(default: 10), while using space to emit the necessary padding.
This generator succeeds as long as its embedded generator a
does not fail (unless the underlying output stream reports an
error).

right_align(wdth)[a] Generate a right aligned in acolumn of the givenwi dt h, while
using space to emit the necessary padding. This generator
succeeds as long as its embedded generator a does not fail (un-
less the underlying output stream reports an error).

ri ght _align(pad)[a] Generate a right aligned in a.column of width as defined by the
preprocessor constant BOOST_KARVA_DEFAULT_FI ELD_LENGTH
(default: 10), while using the generator pad to emit the necessary
padding. This generator succeeds as long as its embedded and
padding generatorsa and pad do not fail (except if the underly-
ing output stream reports an error).

right_align(w dth, pad)[a] Generate a right aligned in acolumn of the given wi dt h, while
using the generator pad to emit the necessary padding. This
generator succeeds as long as its embedded and padding gener-

atorsa and pad do not fail (unlessthe underlying output stream
reports an error).

S Note
None of the generator directives listed above limits the emitted output to the respective column width. If the emitted
output islonger than the specified (or implied) column width, the generated output overrunsthe column to theright.

If the output needs to be limited to a specified column width, use the maxwi dt h[ ] directive, for instance:
maxwi dt h(8) [right align(12)["1234567890"]]
which will output (without the quotes):

123456"

Attributes

See Compound Attribute Notation.
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Expression Attribute

left_align] a: A-->left_align[fa]l: A

a: Unused --> left_align[a]: Unused

left_align(w dth)[] a A-->left align(width)[a]: A

a: Unused --> left_align(width)[a]: Unused

left_align(pad)[] a: A pad: Pad --> left_align(pad)[a]: A

a: Unused, pad: Pad --> left_align(pad)[a]: UnO
used

left_align(pad, width)[] a: A pad: Pad -->left_align(pad, width)[a]: A

a: Un0
used, pad: Pad -->left_align(pad, width)[a]: WO
used

center[] a: A-->center[a]: A

a: Unused --> center[a]: Unused

center (w dth)y[] a: A-->center(width)[a]: A

a: Unused --> center(width)[a]: Unused

center (pad)[] a: A pad: Pad --> center(pad)[a]: A

a: Unused, pad: Pad --> center(pad)[a]: Unused

center(pad, width)[] a: A pad: Pad --> center(pad, width)[a]: A

a: Unused, pad: Pad --> cenld
ter(pad, width)[a]: Unused

right_align[] a: A-->right_align[a]: A

a: Unused --> right _align[fa]: Unused

right_align(w dth)[] a: A-->right_align(width)[a]: A

a: Unused --> right_align(width)[a]: Unused

right_align(pad)[] a A pad: Pad -

a: Un0
used, pad: Pad --> right_align(pad)[a]: Unused

->right_align(pad)[a]: A
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Expression

right_align(pad, width)[]

Complexity

Attribute

a: A pad: Pad -->right_align(pad, width)[a]: A
a: Un0

used, pad: Pad -->right_align(pad, width)[a]: WC
used

The overall complexity of an alignment generator directive is defined by the complexity of its embedded and
padding generator. The complexity of the left alignment directive generator itself is O(1). The complexity of the
center and right alignment directive generatorsis O(N), where Nisthe number of characters emitted by the embedded

and padding generators.

Example

K

Some includes:

Note

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<i ostreanr
<string>

Some using declarations:

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support _utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_oper at or. hpp>
<boost/fusion/include/std_pair. hpp>

usi ng boost::spirit::karma::double_;
using boost::spirit::karma::left_align
usi ng boost::spirit::karnma::center;
usi ng boost::spirit::karma::right_align

Basic usage of the alignment generators:

st d: : pai r<doubl e

test_generator_attr("1.0 | 2. 0",
test_generator_attr(" 1.0 |2.0",
test_generator_attr(" 1.0]2.0",

double> p (1.0, 2

0);

left_align(8)[double_] << '|' << double_, p)
center(8)[double_] << '|" << double_, p)
right_align(8)[double_|] << '|' << double_, p)

Repetition Generator Directive (repeat[])

Description

The repetition directive allowsto repeat an arbitrary generator expression while optionally specifying the lower and upper repetition
counts. It provides a more powerful and flexible mechanism for repeating a generator. There are grammars that are impractical and
cumbersome, if not impossible, for the basic EBNF iteration syntax (unary ' ** and the unary ' +' ) to specify. Examples:

* A file name may have a maximum of 255 characters only.

A specific bitmap file format has exactly 4096 RGB color information.
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e A 256 bit binary string (1..256 1s or 0s).

Header

/1l forwards to <boost/spirit/homel/ karma/directivel/repeat. hpp>
#i ncl ude <boost/spirit/include/ karnma_repeat. hpp>

Also, see Include Structure.
Namespace
Name
boost::spirit::repeat // alias: boost::spirit::karma::repeat
boost::spirit::inf // alias: boost::spirit::karma::inf
Model of

Unar yGener at or

Notation

a A generator object

num nunl, nung Numeric literals, any unsigned integer value, or aLazy Argument that eval uatesto an unsigned
integer value

i nf Placeholder expression standing for 'no upper repesat limit'

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression

repeat [ a]

repeat (num [ a]

repeat (nuni, nun®)|[a]

repeat (num inf)[a]

Semantics

Repeat the generator a zero or more times. This generator suc-
ceeds as long asits embedded generator a does not fail (except
if the underlying output stream reports an error). This variant
of repeat [] issemantically equivalent to the Kleene Star op-
erator *a

Repeat the generator a exactly numtimes. This generator suc-
ceeds as long as its embedded generator a does not fail and as
long as the associated attribute (container) contains at least num
elements (unlessthe underlying output stream reports an error).

Repeat the generator a at least numt times but not more than
nun® times. This generator succeeds as long as its embedded
generator a does not fail and as long as the associated attribute
(container) contains at least nuntl el ements (unlessthe underly-
ing output stream reports an error). If the associated attribute
(container) does contain morethan nun? elements, thisdirective
limits the repeat count to nune.

Repeat the generator a at least nunt times. No upper limit for
the repeat count is set. This generator succeeds as long as its
embedded generator a doesnot fail and aslong asthe associated
attribute (container) contains at least numelements (unless the
underlying output stream reports an error).

S Note
All failing iterations of the embedded generator will consume one element from the supplied attribute. The overall
repeat [ a] will succeed aslong astheiteration criteria (number of successful invocations of the embedded gener-
ator) isfulfilled (unless the underlying output stream reports an error).

Attributes

See Compound Attribute Notation.

Expression

repeat[ aj

repeat (num [ aj

repeat (nunl, nun®)[a]

repeat (num inf)[a]

Attribute

a. A-->repeat|[a]: vector<A>
a: Unused --> repeat[a]: Unused

a:. A-->repeat(num([a]l: vector<A>
a: Unused --> repeat (num[a]: Unused

a:. A -->repeat(numl, nunR)[a]: vector<A>
a: Unused --> repeat (nunl, nunR)[a]: Unused

a: A-->repeat(num inf)[a]: vector<A>
a: Unused --> repeat(num inf)[a]: Unused
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2 I mpor tant
The table above uses vect or <A> as placeholders only.

The notation of vect or <A> stands for any STL container holding elements of type A.

It isimportant to note, that ther epeat [ ] directive does not perform any buffering of the output generated by its embedded el ements.
That means that any failing element generator might have already generated some output, which is not rolled back.

Thesimplest way toforcear epeat [ ] directiveto behaveasif it did bufferingistowrap it into abuffering directive
(seebuffer):

buffer[repeat[a]]
which will not generate any output in case of afailing generator r epeat [ a] . The expression:
repeat [ buffer[a]]

will not generate any partial output from a generator a if it fails generating in the middle of its output. The overall
expression will still generate the output as produced by all succeeded invocations of the generator a.

Complexity

The overall complexity of the repetition generator is defined by the complexity of its embedded generator. The
complexity of the repeat itself is O(N), where N is the number of repetitions to execute.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karnma::repeat;

Basic usage of r epeat generator directive:
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std: : vect or <doubl e> v;
v. push_back(1.0);
v. push_back(2.0);
v. push_back(3.0);

test_generator_attr("[1.0][2.0][3.0]", repeat['[' << double_ << ']'], v);
test_generator_attr("[1.0][2.0]", repeat(2)['[' << double_ << ']'], v);

/1 fails because of insufficient nunber of itens
test_generator_attr("", repeat(4)['[' << double_ << ']'], v);

Generator Directives Controlling Automatic Delimiting (verbatin{], no_delinit[],delimt[])

Description

Thedirectivesdel i m t[],no_del i nit[],andverbatin{] canbeusedto control automatic delimiting. Thedirectivesver bat i nf ]
andno_del i m t[] disable any automatic delimiting, while the directivedel i ni t [] (re-)enables automatic delimiting.

Header

For thever bati n{] directive:

/1 forwards to <boost/spirit/hone/karma/directive/verbati mhpp>
#i ncl ude <boost/spirit/include/karnma_verbati m hpp>

For theno_del i mi t[] directive:

/1 forwards to <boost/spirit/home/karma/directive/no_delimt.hpp>
#i ncl ude <boost/spirit/include/ karma_no_delimnt.hpp>

For thedel i mi t[] directive:

/'l forwards to <boost/spirit/hone/karne/directive/delint.hpp>
#i ncl ude <boost/spirit/include/ karnma_delinit.hpp>

Also, see Include Structure.

Namespace

Name

boost::spirit::verbatim// alias: boost::spirit::karma::verbatim
boost::spirit::no_delimt // alias: boost::spirit::karma::no_delimt
boost::spirit::delimt // alias: boost::spirit::karma::delimt
Model of

Unar yGener at or

Notation
a A generator object
d A generator object, or aLazy Argument that evaluates to a generator object
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A, D  Attribute types of the generatorsa and d

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression
delinit[a]
delinit(d)[a]

ver bati nf a]

no_del imt[a]

Attributes

See Compound Attribute Notation.

Semantics

Enable automatic delimiting for the embedded generator a while
using the space generator as the delimiting generator. If used
insideaver bati ni] directiveit re-enables the delimiter gen-
erator asused outside of thisver bat i n{ ] instead. Thedirective
succeeds as long as the embedded generator succeeded (unless
the underlying output stream reports an error).

Enable automatic delimiting for the embedded generator a while
using the generator d asthe delimiting generator. The directive
succeeds as long as the embedded generator succeeded (unless
the underlying output stream reports an error).

Disable automatic delimiting for the embedded generator a. The
directive succeeds aslong asthe embedded generator succeeded
(unlessthe underlying output stream reports an error). Thisdir-
ective it has no effect if it is used when no delimiting is active.
When delimiting is active this directive performs a post-delimit
step (which is different from the behavior of no_delim t[]).

Disable automatic delimiting for the embedded generator a. The
directive succeeds aslong asthe embedded generator succeeded
(unlessthe underlying output stream reports an error). Thisdir-
ective it has no effect if it is used when no delimiting is active.
When delimiting is active this directive does not perform apost-
delimit step (which is different from the behavior of ver -

batinf].
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Expression Attribute
del i mit[a]

a: A-->delimt[a]l: A

a: Unused --> delimt[a]: Unused

delimt(d)[a] a A d D-->delinit(d)al:

a: Unused, d: D--> delimt(d)[al:

verbatinf a] a: A-->verbatinfal: A

a: Unused --> verbatinfal:

no_delimit[a] a: A-->no_delinmt[a]: A

a: Unused --> no_delimt[a]:

Complexity

The overall complexity of the generator directivesdel i mit[],verbatin{],andno_delimit[] isdefined by

the complexity of its embedded generators. The complexity of the directives themselvesis O(1).

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>
#i ncl ude <i ostrean>
#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::double_;
usi ng boost::spirit::karma::delimt;
usi ng boost::spirit::karma::verbatim

Basic usage of del i mi t generator directive:

test_generator_attr("[ 2.0, 4.3 ]

delimt['[' << double_ << ')' << double_ << ']'], 2.0, 4.3);
test_generator_attr("[*2.0%,*4.3*]*",
delimt("*" )['[" << double_ << ',' << double_ << ']"'], 2.0, 4.3);

test_generator_attr("[2.0, 4.3 ] ",
delimt[verbatin{'[' << double_ << ','] << double_ << ']'], 2.0, 4.3);
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Generator Directives Controlling Case Sensitivity (upper[], ! ower[])
Description

The generator directivesns: : 1 ower [] and ns: : upper[] force their embedded generators to emit lower case or upper case only
characters based on the interpretation of the generated characters in the character set defined by ns (see Character Encoding
Namespace).

Header

/1 forwards to <boost/spirit/home/karma/directive/ upper_| ower_case. hpp>
#i ncl ude <boost/spirit/include/karma_upper_I| ower _case. hpp>

Also, see Include Structure.

Namespace

Name
ns: : | ower

ns: : upper

In the table above, ns represents a Character Encoding Namespace.
Model of

The model of | ower [] and upper[] isthe model of its subject generator.

Notation

a A generator object

A Attribute type of the generator a
ns A Character Encoding Namespace.
Expression Semantics

Thel ower [] andupper[] directiveshaveno specia generator semantics. They are pure modifier directives. They indirectly influence
theway all subject generatorswork. They add information (thet ag: : upper ort ag: : | ower ) totheModi fi er template parameter
used while transforming the pr ot o: : expr into the corresponding generator expression. Thisis achieved by the following special-
izations:

nanmespace boost { nanespace spirit

{
tenpl at e <typenane Char Encodi ng>
struct is_nodifier_directive<
kar ma: : domai n
tag: : char _code<tag: : | ower, CharEncodi ng> >
omplitrue_
{}
tenpl at e <typenane Char Encodi ng>
struct is_nodifier_directive<
kar ma: : domai n
tag: : char _code<t ag: : upper, CharEncodi ng> >
npl : :true_
1}
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(for more details see the section describing the compilation process of the Boost.Proto expression into the corresponding generator

eXpressions).
Expression Semantics
ns:: | ower| a] Generatea aslower case, interpreted in the character set defined
by ns. Thedirective succeeds aslong as the embedded generator
succeeded (unlessthe underlying output stream reports an error).
ns: : upper[ aj Generatea asupper casg, interpreted in the character set defined

by ns. Thedirective succeeds aslong as the embedded generator
succeeded (unlessthe underlying output stream reports an error).

E Note
If both directives are "active’ with regard to a generator, the innermost of those directives takes precedence. For in-
stance:

generate(sink, ascii::lower["A << ascii::upper['b']])

will generate " aB" (without the quotes).

Further, the directives will have no effect on generators emitting characters not having an upper case or lower case
equivalent in the character set defined by ns.

Attributes

See Compound Attribute Notation.

Expression Attribute

ns: | over[a] a: A-->ns:lower[a]: A

a: Unused --> ns:lower[a]: Unused

ns: upper [ a] a: A-->ns:upper[a]: A

a: Unused --> ns:upper[a]: Unused

Complexity

Theoverall complexity of the generator directivesns: : | ower [] andns: : upper[] isdefined by the complexity
of its embedded generators. The directives themselves are compile time only directives, having no impact on
runtime performance.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:
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#i ncl ude <boost/spirit/include/karnma. hpp>
#i ncl ude <i ostreanr
#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::ascii::upper;
usi ng boost::spirit::ascii::|ower;

Basic usage of the upper and | ower generator directives:

test_generator_attr("abc:2.0e-06", lower["ABC." << double_ ], 2e-6);
test_generator_attr("ABC: 2. 0E-06", upper|["abc:" << double_ ], 2e-6);

Generator Directives Controlling the Maximum Field Width (maxwi dt h[])
Description
Themaxwi dt h[] directive allows to limit (truncate) the overall length of the output generated by the embedded generator.

Header

/1 forwards to <boost/spirit/home/karma/directive/ maxwi dth. hpp>
#i ncl ude <boost/spirit/include/karma_maxw dt h. hpp>

Also, see Include Structure.

Name

boost::spirit::maxwidth // alias: boost::spirit::karma:: mxw dth

Model of

Unar yGener at or

Notation

a A generator object

A Attribute type of the generator a

num Numeric literal, any unsigned integer value, or a Lazy Argument that evaluates to an unsigned integer value
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Unar yGener at or .
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Expression Semantics
maxwi dt h[ a] Limit the overall length of the emitted output of the embedded

generator (including characters generated by automatic delimit-
ing) to the number of characters as defined by the preprocessor
constant BOOST_KARMA DEFAULT_FI ELD_MAXW DTH. Any
additional output is truncated. The directive succeeds as long
as the embedded generator succeeded (unless the underlying
output stream reports an error).

maxw dt h(num [ a] Limit the overall length of the emitted output of the embedded
generator (including characters generated by automatic delimit-
ing) to the number of characters as defined by num Any addi-
tional output is truncated. The directive succeeds aslong asthe
embedded generator succeeded (unless the underlying output
stream reports an error).

@ Note
The maxwi dt h[] generator directive does not pad the generated output to fill the specified column width. If the
emitted output is shorter than the specified (or implied) column width, the generated output will be more narrow
than the column width.

If the output needsto alwaysbe equal to aspecified column width, use one of the alignment directives| eft -al i gn[ ],
center[],orright_align[],forinstance

maxwi dth(8)[left_align(8)["1234"]]
which will output: " 1234 " (without the quotes).

Attributes

See Compound Attribute Notation.

Expression Attribute

maxwi dt h[ a] a: A-->maxwidth[a]: A

a: Unused --> maxwi dth[a]: Unused

maxwi dt h(num [ a] a A-->mxwidth(num([a]: A

a: Unused --> maxwi dth(num|[a]: Unused

Complexity

The overall complexity of the generator directive maxwi dt h[] is defined by the complexity of its embedded
generator. The complexity of the directive itself is O(N), where N is the number of characters generated by the
maxwidth directive.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>
#i ncl ude <i ostreanr
#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;

usi ng boost: :spirit::karm:: maxw dth;
usi ng boost::spirit::karma::left_align;
usi ng boost::spirit::karma::right_align;

Basic usage of maxwi dt h generator directive:

test _generator("01234", maxw dth(5)["0123456789"]);
test_generator (" 012", maxwidth(5)[right_align(12)["0123456789"]]);
test _generator("0123 ", maxwidth(8)[left_align(8)["0123"]]);

Generator Directive for Temporary Output Buffering (buffer[])

Description

All generator components (except the Alternative (| ) generator) passtheir generated output directly to the underlying output stream.
If agenerator fails halfway through, the output generated so far is not 'rolled back’. The buffering generator directive allowsto avoid
this unwanted output to be generated. It temporarily redirects the output produced by the embedded generator into a buffer. This
buffer is flushed to the underlying stream only after the embedded generator succeeded, but is discarded otherwise.

Header

/1l forwards to <boost/spirit/home/karma/directivel/buffer.hpp>
#i ncl ude <boost/spirit/include/karma_buffer. hpp>

Also, see Include Structure.

Name
boost::spirit::buffer // alias: boost::spirit::karma::buffer
Model of
Unar yGener at or
Notation

a A generator object

A Attribute type of generator a
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Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression Semantics
buf fer[a] The embedded generator a isinvoked but its output is tempor-

arily intercepted and stored in an internal buffer. If a succeeds
the buffer content is flushed to the underlying output stream,
otherwise the buffer content is discarded. The buffer directive
succeeds as long as the embedded generator succeeded (unless
the underlying output stream reports an error).

Q Tip
If you want to make the buffered generator succeed regardless of the outcome of the embedded generator, simply
wrap the buf f er [ a] into an additional optional: - buf f er [ a] (see Optiona (unary - )).

Attributes

See Compound Attribute Notation.

Expression Attribute

buffer[a] a: A--> pbuffer[a]: A

a: Unused --> buffer[a]: Unused

Complexity

Theoverall complexity of the buffering generator directiveis defined by the complexity of its embedded generator.
The complexity of the buffering directive generator itself is O(N), where N is the number of characters buffered.

Example

@ Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::double_;
usi ng boost::spirit::karma::buffer;
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Basic usage of a buffering generator directive. It shows how the partial output generated in the first example does not show up in
the generated output as the plus generator fails (no datais available, see Plus (unary +)).

std: : vector<doubl e> v; /'l empty contai ner
test_generator_attr("", -buffer['[" << +double_ << ']'], v);
v. push_back(1.0); /1 now, fill the container

v. push_back(2.0);
test_generator_attr("[1.02.0]", buffer['[" << +double_ << ']'], v)

Generator Directives Consuming Attributes (onit[] and skip[])

Description

The directives omi t [ ] and ski p[] consumes the attribute type of the embedded generator without generating any output. The
omi t[] directivewill still execute the embedded generator while discarding the generated output afterwards. The ski p[] directive
will not execute the embedded generator, but will useit only to extract the exposed attribute type.

Header

/'l forwards to <boost/spirit/honme/karnma/directive/onit.hpp>
#i ncl ude <boost/spirit/include/karma_omt. hpp>

Also, see Include Structure.

Name
boost::spirit::omt // alias: boost::spirit::karnma::omnt
boost::spirit::skip // alias: boost::spirit::karma::skip
Model of
Unar yGener at or
Notation
a A generator object
A Attribute type of generator a

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression Semantics
omit[a] Theoni t directive consumesthe attribute type of the embedded

generator A without generating any output. It succeeds always.
The embedded generator is executed and any generated output
is discarded.

ski p[ a] Theski p directive consumesthe attribute type of the embedded
generator A without generating any output. It succeeds always.
The embedded generator is not executed.
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Attributes

See Compound Attribute Notation.

Expression Attribute

omt[a] a: A-->onit[a]: A

a:. Unused --> onmit[a]: Unused

ski p[ a] a: A-->skipfal: A

a: Unused --> skip[a]: Unused

Complexity

The overall complexity of the omi t[] directive depends on the complexity of the embedded generator. The
overall complexity of theski p[] generator directiveis O(1) asit does not generate any output.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i nclude <string>

Some using declarations:

usi ng boost::spirit::karma::double_;
using boost::spirit::karma::omt;

Basic usage of aoni t generator directive. It shows how it consumes the first element of the provided attribute without generating
anything, leaving the second element of the attribute to the non-wrapped doubl e_ generator.

std: : pai r<doubl e, double> p (1.0, 2.0)
test_generator_attr("2.0", omit[double_] << double_, p)

Generally, this directive is helpful in situations, where the attribute type contains more information (el ements) than need to be used
to generate the required output. Normally in such situations we would resolve to use semantic actions to explicitly pass the correct
parts of the overall attribute to the generators. The oni t directive helps achieving the same without having to use semantic actions.

Consider the attribute type:

typedef fusion::vector<int, double, std::string> attribute_type
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where we need to generate output only from the first and last element:

typedef std::back_ insert:iterator<std::string> iterator_type;

karma: :rul e<iterator_type, attribute_type()> r;
r = int_[_1 = phoenix::at_c<0>(_val)] << string[_1 = phoenix::at_c<2>(_val)];

std::string str;
iterator_type sink(str);

generate(sink, r, attribute_type(1, 2.0, "exanple")); [/ will generate: 'lexanple'

Thisiserror prone and not really readable. The same can be achieved by using the oni t directive:
r =int_ << onit[double_] << string;

which is at the same time more readable and more efficient as we don't have to use semantic actions.

The semantics of using the ski p[ ] directive areidentical totheomi t[] directive, except that it does not actually execute the em-
bedded generator. For this reason it is usually preferable to utilize the ski p[] directive instead of the omi t [] directive. On the
other hand, theomi t [] directiveisvery useful whenever the embedded generator produces side effects (has semantic actions which

need to be executed).

Generator Directive Duplicating Attributes (duplicate[])

Description

Thedirectivedupl i cat e[ ] duplicatesitsattributeto all elements of the embedded generator if thisisa sequence generator. Otherwise

it does nothing.

Header

/1 forwards to <boost/spirit/home/karma/directive/duplicate. hpp>
#i ncl ude <boost/spirit/include/ karma_duplicate. hpp>

Also, see Include Structure.

Name
boost::spirit::duplicate // alias: boost::spirit::karma::duplicate
Model of
Unar yGener at or
Notation
a A generator object
A Attribute type of generator a

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression

dupl i cat e[ a]

Attributes

See Compound Attribute Notation.

Expression

dupl i cat e[ a]

Semantics

The dupl i cat e directive duplicates the supplied attribute for
all elements of a embedded sequence generator. For all other
types of embedded generators it has no effect. It succeeds as
long as its embedded generator does not fail.

Attribute

a: A-->duplicate[al: A
a: tuple<A A ...> -->duplicate[fa]l: A
a: Unused --> duplicate[a]: Unused

If the embedded generator of thedupl i cat e[ ] directiveisasequenceit isexpected that all elements of this sequence expose either
the same attribute type, an compatible attribute type, or unused. Inthiscase, thedupl i cat e[ ] directive exposes the attribute type
of itsfirst element. The behavior of thedupl i cat e[ ] directiveisundefined if the elements of an embedded sequence do not expose
the same attributes. Most likely, the corresponding expression will not compile.

Complexity

The overall complexity of thedupl i cat e[ ] directive depends on the complexity of the embedded generator.

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/ karma. hpp>

<boost/spirit/include/support_utree. hpp>

<boost/spirit/include/ phoeni x_core. hpp>

<boost/spirit/include/ phoeni x_operat or. hpp>

<boost/fusion/include/ std_pair. hpp>
<i ostreamnr
<string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::duplicate
usi ng boost::spirit::karnma::space

Basic usage of thedupl i cat e generators:

test _generator_attr("2.02.0",

dupl i cat e[ doubl e_ << double_], 2.0)

test_generator_attr_delim"2.0 2.0 ", duplicate[double_ << double_], space, 2.0)
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Generator Directive Separating Output Into Columns (col ums[])
Description
Thecol ums|[] directive separates the output emitted by the embedded generator by inserting special column separators.

Header

/1 forwards to <boost/spirit/home/karma/directive/colums. hpp>
#i ncl ude <boost/spirit/include/karma_col utms. hpp>

Also, see Include Structure.

Name

boost::spirit::colums // alias: boost::spirit::karm::colums

Model of

Unar yGener at or

Notation
a A generator object
g A generator object, or aLazy Argument that evaluates to a generator object, will be used to emit column separators
A Attribute type of generator a
[num

Numeric literal, any unsigned integer value, or aLazy Argument that evaluates to an unsigned integer val ue defining the number
of itemsto emit in between the column separators

Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression

col umsJ a]

col ums(num [ a]

colums(g)[a]

colums(num g)[a]

Attributes

See Compound Attribute Notation.

Expression

col umsJ a]

col ums(num [ a]

colums(g)[a]

colums(num g)[a]

Complexity

Semantics

The col ums directive invokes a generator after each N-th
element of the embedded generator has been emitted. The
number of columns is defined by the preprocessor constant
BOOST_KARVA DEFAULT_COLUMNS. The column separator used
will bekar ma: : eol .

The col ums directive invokes a generator after each N-th
element of the embedded generator has been emitted. The
number of columns is defined by the argument to the directive
num The column separator used will be kar na: : eol .

The col ums directive invokes a generator after each N-th
element of the embedded generator has been emitted. The
number of columns is defined by the preprocessor constant
BOOST_KARVA_DEFAULT_COLUMWNS. The column separator used
will beg.

The col ums directive invokes a generator after each N-th
element of the embedded generator has been emitted. The
number of columns is defined by the argument to the directive
num The column separator used will be g.

Attribute

a. A-->columsf[al: A
a: Unused --> colums[a]: Unused

a:. A-->colums(num[al: A
a: Unused --> colums(num|[a]: Unused

a: A-->colums(g)[a]l: A
a: Unused --> colums(g)[a]: Unused

a: A-->colums(num g)[a]l: A
a: Unused --> colums(num g)[a]: Unused

The overall complexity of thecol urms generator directive depends on the complexity of the embedded generator.
The complexity of the col urms generator directive itself is O(N), where N is the number of inserted column sep-

arators.
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Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::col ums
usi ng boost::spirit::karnma::space

Basic usage of the col unms generators:

std: : vector <doubl e> v

v. push_back(1.0);

v. push_back(2.0);

v. push_back(3.0);

test _generator_attr("1.0\n2.0\n3.0\n", colums(1)[*double_], v)

test _generator_attr_delin("1.0 2.0 \n3.0 \n", colums(2)[*double_], space, v)

Generator Directives Forcing Atomic Extraction (as<T>, as_string[], as_wstring[])
Description

The as<T> classforces the atomic extraction of acontainer type T from it's consumed attribute. Usually, repetitive generators (such
asKleene(*), etc) or sequencesexposing avect or <A> will extract elements from the container supplied astheir consumed attribute
by looping through the containers iterators. In some cases, this may be undesirable. The as<T> class creates a directive that will
pass an unnamed temporary object of type T toit'ssubject, if extracting T from it's consumed attribute determined at generation-time
tobevalid.traits::valid_as<T>() iscaled by as<T> to determine validity; if it returns false, the generator fails. Subsequent
extraction is performed by callingtrai t s: : as<T>() .

S Note
T isrequired to be acontainer type. If trai ts: : i s_cont ai ner does not return true for T, a compile-time error
will occur.

Header

/'l forwards to <boost/spirit/hone/karna/directivel/as. hpp>
#i ncl ude <boost/spirit/include/karma_as. hpp>

Also, see Include Structure.
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Namespace

Name

boost::spirit::as_string // alias:
boost::spirit::as_wstring // alias:
Synopsis

tenpl ate <typenane T>
struct as;

Template parameters

Parameter Description
T A container type.
Model of

Unar yGener at or

Notation
a A Generat or.
attr  Theattribute supplied to the directive.

Expression Semantics

boost::spirit::karma::as_string

boost::spirit::karma::as_wstring

Default

none

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression

as<T>()[a]

as_string[a]

as_wstring[a]

Attributes

See Compound Attribute Notation.

Expression

as<T>()[a]

Complexity

Semantics

Extract an instance of T from attr, and invoke the subject
generator a, supplying the unnamed temporary asit's attribute.

Equivalenttoas<std: : string>()[ a]

Equivalent to as<st d: : wstri ng>()[ a]

Attribute

a: A-->as<T>()[a]l: T

The complexity is defined by the complexity of the subject generator, a, and the complexity of the extraction un-

named contianer of type T from the attributeat t r .
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::utree;

usi ng boost::spirit::utree_type;

usi ng boost::spirit::utf8_synbol _type;
usi ng boost::spirit::karma::as;

usi ng boost::spirit::karma::as_string;
usi ng boost::spirit::karma::char_;

usi ng boost::spirit::karma::double_;

Simple usage of as<T>, as_string andas_wstri ng:

To properly handle string concatenation with ut r ee, we make use of as_string[]. We aso use as<T> to explicitly extract a
ut r ee symbol node.

typedef as<utf8_synbol _type> as_synbol _type;
as_synbol _type const as_synbol = as_synbol _type();

utree ut;
ut . push_back("xyz");
ut . push_back( 1. 23);

test_generator_attr("xyzl.23", as_string[*char_] << double_, ut);
test_generator_attr("xyzl.23", as<std::string>()[*char_] << double_, ut);

ut.clear();

ut . push_back(utf8_ synbol type("xyz"));
ut . push_back( 1. 23);

test_generator_attr("xyzl.23", as_synbol[*char_] << double_, ut);
test_generator_attr("xyzl.23", as<utf8_ synbol type>()[*char_] << double_, ut);

Nonterminal Generators

Module Headers

/1 forwards to <boost/spirit/hone/karma/ nonterm nal.hpp>
#i ncl ude <boost/spirit/include/karnma_nonterm nal . hpp>

Also, see Include Structure.
Generator Rule

Description

The rule is a polymorphic generator that acts as a named place-holder capturing the behavior of a PEG expression assigned to it.
Naming a Parsing Expression Grammar expression allows it to be referenced later and makes it possible for the rule to call itself.
Thisis one of the most important mechanisms and the reason behind the word "recursive” in recursive descent output generation.
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Header

/1l forwards to <boost/spirit/home/karma/ nonterm nal/rule. hpp>
#i ncl ude <boost/spirit/include/karma_rul e. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::karma::rule
Synopsis

tenpl ate <typenane Qutputlterator, typenane Al, typenane A2, typename A3>
struct rule;

Template parameters

Parameter Description Default

The underlying output iterator type that none
the rule is expected to work on.

Cut putlterator

Al, A2, A3 Either Si gnature,Del i miter orLoc- Seetablebelow.
al s in any order. See table below.

Hereis more information about the template parameters:

Parameter Description Default
Si gnat ure Specifies the rule's consumed (value to  unused_t ype. When Si gnat ure de-
output) and inherited (arguments) attrib-  faults to unused_t ype, the effect is the
utes. Moreon thishere: Nont ermi nal . sameasspecifying asignature of voi d()
which is aso equivalent to un-
used_type()
Delimter Specifies the rule's delimiter generator. unused_t ype
Specify thisif you want the rule to delimit
the generated output.
Local s Specifies the rule's local variables. See  unused_t ype
Nont er mi nal .
Model of

Nont er m nal

Notation
r, r2 Rules
g A generator expression

Qut putl terator The underlying output iterator type that the rule is expected to work on.
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Al, A2, A3

Expression Semantics

Either Si gnat ure, Del i mi ter or Local s inany order.

Semantics of an expression is defined only where it differs from, or is not defined in Nont er nmi nal .

Expression

rul e<Qut putlterator,

r(nane);

rul e<Qut putlterator,

r(r2);

r =r2;

r.alias()

r.copy()
r =g;

r % g;

r. name()

r. name( nane)

Attributes

Al, A2, A3>

Al, A2, A3>

Description
Rule declaration. Qut put I t er at or isrequired. A1, A2, A3

areoptional and can be specified in any order. nane isan option-
al string that gives the rule its name, useful for debugging.

Copy construct ruler fromruler 2.

Assignruler2tor.

Return an dlias of r . The dliasis a generator that holds a refer-
enceto r . Reference semantics.

Get acopy of r.
Rule definition

Auto-rule definition. The attribute of g should be compatible
with the consumed attribute of r .

Retrieve the current name of the rule object.

Set the current name of the rule object to be nane.

The rule's generator attribute is RT: The consumed attribute of therule. See At t ri but e

Complexity

The complexity is defined by the complexity of the RHS generator, g

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost : :
usi ng boost : :
usi ng boost : :
usi ng boost : :

Basic rule:

spirit::
spirit::
spirit::
spirit::

karma: : rul e;
karma: :int_;

ascii::
ascii::

space;
space_t ype;
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rul e<out put _iterator_type> r;
r =int_(123);
test _generator("123", r);

Rule with consumed attribute:

rul e<output _iterator_type, int()> ra;
ra = int_;
test_generator_attr("123", ra, 123);

Rule with delimiter and consumed attribute:

rul e<out put _iterator_type, std::vector<int>(), space_type> rs;
rs = *int_;

std::vector<int> v;

v. push_back(123);

v. push_back(456) ;

v. push_back(789);

test_generator_attr_delim"123 456 789", rs, space, V);

Generator Grammar

Description

The grammar encapsul ates aset of rules (aswell as primitivegenerators(Pri mi t i veGener at or ) and sub-grammars). The grammar
is the main mechanism for modularization and composition. Grammars can be composed to form more complex grammars.

Header

/1 forwards to <boost/spirit/home/karma/ nonterm nal /gramar. hpp>
#i ncl ude <boost/spirit/include/karma_granmar. hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::karnma::granmar
Synopsis

tenpl ate <typenane Qutputlterator, typenane Al, typenane A2, typename A3>
struct granmar;

Template parameters

Parameter Description Default

Qut put I terat or The underlying output iterator type that none
the rule is expected to work on.

Al, A2, A3 Either Si gnature,Del i miter orLoc- Seetablebelow.
al s in any order. See table below.
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Here is more information about the template parameters:

Parameter

Si gnature

Delimter

Local s

Model of

Nont er m nal

Notation

g A grammar

Expression Semantics

Description

Specifies the grammar's synthesized (re-
turn value) and inherited attributes (argu-
ments). Moreonthishere: Nont er mi nal .

Specifiesthe grammar'sdelimiter generat-
or. Specify thisif you want the grammar
to delimit the generated output.

Specifies the grammar's local variables.
See Nont er mi nal .

Default

unused_t ype. When Si gnature de-
faults to unused_t ype, the effect isthe
same as specifying asignature of voi d()
which is aso equivdent to un-
used_type()

unused_t ype

unused_t ype

Semantics of an expression is defined only where it differs from, or is not defined in Nont er nmi nal .

Expression

tenpl ate <typenane Qutputlterator>
struct my_granmar
or, Al, A2, A3>

{

my_grammar ()
mar : : base_type(start,

{

}

rul e<Cut putlterator,

grammar <Qut putlteratd

/!l Rule definitions

Semantics

Al, A2, A3> start;

/1l nmore rule declarations...

K

Attributes

Grammar definition. name is an optional string that gives the
grammar its name, useful for debugging.

The template parameters of a grammar and its start rule (the rule passed to the grammar's base class constructor)
must match, otherwise you will see compilation errors.

The generator attribute of the grammar is RT, its consumed attribute. See At t ri but e
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Complexity
The complexity is defined by the complexity of the its definition.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some using declarations:

usi ng boost::spirit::ascii::space_type
usi ng boost::spirit::ascii::space
using boost::spirit::int_;

usi ng boost::spirit::karma::gramar;
using boost::spirit::karma::rule

Basic grammar usage:

struct numlist : gramar<output_iterator_type, space_type, std::vector<int>()>
{
numlist() : base_type(start)
{
usi ng boost::spirit::int_
num = int_;
start = num<< *(',' << num;

}

rul e<output_iterator_type, space_type, std::vector<int>()> start;
rul e<out put _iterator_type, space_type, int()> num

How to use the example grammar:

num|list nlist;

std::vector<int> v;

v. push_back(123);

v. push_back(456) ;

v. push_back(789);

test_generator_attr_delim"123 , 456 , 789", nlist, space, v);

Numeric Generators

Thelibrary includes a couple of predefined objects for generating booleans, signed and unsigned integers, and real numbers. These
generators are fully parametric. Most of the important aspects of numeric generation can be finely adjusted to suit. Thisincludesthe
radix base, the exponent, the fraction etc. Policies control the real number generators behavior. There are some predefined policies
covering the most common real number formats but the user can supply her own when needed.

The numeric parsers arefinetuned (employing loop unrolling and extensive templ ate metaprogramming) with exceptional performance
that rivalsthelow level Cfunctionssuch asl t oa, sspri nt f,and_gcvt . Benchmarksreveal up to 2X speed over the C counterparts
(see here: Performance of Numeric Generators). This goes to show that you can write extremely tight generic C++ code that rivals,
if not surpasses C.
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Module Header

/1l forwards to <boost/spirit/home/karma/ nuneric. hpp>

#i ncl ude <boost/spirit/include/karma_nuneric. hpp>

Also, see Include Structure.

Unsigned Integer Number Generators (uint_, etc.)

Description

Theui nt _gener at or classisthesimplest amongthe membersof the numericspackage. Theui nt _gener at or cangenerate unsigned
integers of arbitrary length and size. The ui nt _gener at or generator can be used to generate ordinary primitive C/C++ integers or
even user defined scalars such as bigints (unlimited precision integers) if the type follows certain expression reguirements (for more
information about the requirements, see below)). Theui nt _gener at or isatemplate class. Template parametersfinetuneits beha

vior.

Header

/1 forwards to <boost/spirit/honme/karma/ numeric/ uint. hpp>
#i ncl ude <boost/spirit/include/karma_uint. hpp>

Also, see Include Structure.

Namespace
Name
boost: : spi
boost: : spi
boost: : spi
boost: : spi
boost: : spi
boost: : spi
boost: : spi
boost: : spi

K

N

rit::

rit::

rit::

rit::

rit:

rit::

rit::

rit::

lit //

bin //

oct //

hex //

ulong_ // alias:
uint_ // alias:

ulong_long // alias:

Note

alias:

alias:

alias:

alias:

:ushort _ // alias:

boost :

boost : :

boost : :

boost : :

ispirit::

spirit::
spirit::

spirit::

karma: :

kar ma: :

kar ma: :

kar ma: :

it

bi n

oct

hex

boost::spirit::karma::ushort_
boost::spirit::karma::ul ong_

boost::spirit::karma::uint_

boost::spirit::karma::ulong_| ong

Thegeneratorsul ong_| ong andul ong_| ong( nun areonly available on platformswherethe preprocessor constant
BOOST_HAS_LONG_LONGis defined (i.e. on platforms having native support for unsi gned | ong | ong (64 bit)

unsigned integer types).

Note

l'it isreused by the String Generators, the Character Generators, and the Numeric Generators. In general, a char
generator is created when you pass in a character, a string generator is created when you pass in astring, and anu-
meric generator is created when you use a numeric literal.
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Synopsis

template <

typename Num

unsi gned Radi x>
struct uint_generator;

Template parameters

Parameter Description Default

Num The numeric base type of the numeric unsi gned i nt
generator.

Radi x The radix base. This can be any valuein 10

the (inclusive) range from 2 .. 36.

Model of

PrimtiveCenerator

Notation
num Numeric literal, any unsigned integer value, or aLazy Argument that evaluates to an unsigned integer value of type Num
Num Type of num any unsigned integer type, or in case of a Lazy Argument, its return value

Radi x  Aninteger literal specifying the required radix for the output conversion. Valid values are from the (inclusive) range 2 ..
36.

Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi t i veGener at or .
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Expression Semantics
lit(num Generate the unsigned integer literal num using the default
formatting (radix is 10). This generator never fails (unless the
underlying output stream reports an error).
ushor t Generate the unsigned integer provided by amandatory attribute
gint using the default formatting (radix is 10). This generator never
ul ong_ fails (unless the underlying output stream reports an error).
ul ong_Il ong

ushort _(num
uint_(num

ul ong_(num

ul ong_I ong( num

Generate the unsigned integer provided by theimmediateliteral
value the generator isinitialized from using the default format-
ting (radix is 10). If this generator has an associated attribute it
succeeds only if the attribute is equal to the immediate literal
(unlessthe underlying output stream reportsan error). Otherwise
this generator fails and does not generate any output.

Generate the unsigned integer provided by amandatory attribute

EICP using the default formatting and the corresponding radix (bi n:
hex radix is 2, oct : radix is 8, hex: radix is 16). This generator

never fails (unlessthe underlying output stream reportsan error).
bi n( num Generate the unsigned integer provided by theimmediate literal
oct ( num value the generator isinitialized from using the default format-
hex( num ting and the corresponding radix (bi n: radix is 2, oct : radix is

8, hex: radix is16). If thisgenerator has an associated attribute
it succeeds only if the attribute is equal to theimmediate literal
(unlessthe underlying output stream reports an error). Otherwise
this generator fails and does not generate any output.

All generators listed in the table above (except | i t ( num) ) are predefined specializations of the ui nt _gener at or <Num Radi x>
basic unsigned integer number generator type described below. It is possible to directly use this type to create unsigned integer
generators using awide range of formatting options.

Expression Semantics

Ui nt_gener at or < Generate the unsi gned integer 'of type Numprovided by a man-
Num  Radi x datory attribute using the specified Radi x (allowed values are
>() from the (inclusive) range from 2 .. 36, the default value is
10).This generator never fails (unless the underlying output

stream reports an error).

uint_gener at or < Generate the unsigned integer of type Numprovided by the im-
Num Radi x mediate literal value the generator isinitialized from, using the
>() (num specified Radi x (allowed values are from the (inclusive) range
from 2 .. 36, the default value is 10). If this generator has an
associated attribute it succeeds only if the attribute is equal to
theimmediateliteral (unlesstheunderlying output stream reports
an error). Otherwise this generator fails and does not generate
any output.
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Additional Requirements

The following lists enumerate the reguirements which must be met in order to use a certain type Numto instantiate and use a
ui nt _generat or <Num Radi x>.

If boost: :is_integral <Nunm: : val ue ist r ue the type Nummust have defined:
e comparison operatorsfor: <, <=, ==,1=,>, and >=

» numeric operatorsfor: +,-,/,*,and %

If boost: :is_integral <Nunm: : val ue isf al se the type Nummust have defined:
e comparison operatorsfor: <, <=, ==,1=,>, and >=

» numeric operatorsfor: +,-,/,*,and %

 helper functions implementing the interface and the semantics of: std: : f nod, std:: pow, std::lround, std::Itrunc,
std::floor,andstd::ceil.Theseneed to be defined in away so that they will be found using argument dependent lookup
(ADL).
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Attributes

Expression
lit(num

ushort _

ushort _(num

ui nt _

uint _(num

ul ong_

ul ong_(num

ul ong_Il ong

ul ong_Il ong(num

bi n
oct
hex

bi n( num
oct (num
hex(num

ui nt _generat or <
Num Radi x
>()

ui nt _generat or <
Num Radi x
>() (num

Attribute
unused

unsi gned short, attribute is mandatory (otherwise compila-
tion will fail)

unsi gned short, attribute is optional, if it is supplied, the
generator compares the attribute with numand succeeds only if
both are equal, failing otherwise.

unsi gned i nt, attribute is mandatory (otherwise compilation
will fail)

unsi gned i nt, attributeis optional, if it is supplied, the gen-
erator compares the attribute with numand succeeds only if both
are equal, failing otherwise.

unsi gned | ong, atributeis mandatory (otherwise compilation
will fail)

unsi gned | ong, attribute is optional, if it is supplied, the
generator compares the attribute with numand succeeds only if
both are equal, failing otherwise.

unsi gned |ong |ong, attribute is mandatory (otherwise
compilation will fail)

unsi gned | ong | ong, attribute is optional, if it is supplied,
the generator compares the attribute with numand succeeds only
if both are equal, failing otherwise.

unsi gned i nt, attribute is mandatory (otherwise compilation
will fail)

unsi gned i nt, attributeis optional, if it is supplied, the gen-
erator comparesthe attribute with numand succeeds only if both
are equal, failing otherwise.

Num attribute is mandatory (otherwise compilation will fail)

Num attributeisoptional, if it is supplied, the generator compares
the attribute with numand succeeds only if both are equal, failing
otherwise.
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K

Complexity

Note

Inaddition to their usual attribute of type Numall listed generators accept aninstance of aboost : : opt i onal <Nun®
aswell. If theboost : : opti onal <> isinitialized (holds a value) the generators behave asiif their attribute was an
instance of Numand emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

O(N), where N is the number of digits needed to represent the generated integer number

Example

N

Note

The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusion/incl ude/std_pair. hpp>

<i ostreanv

<string>

Some using declarations:

usi ng boost::spirit::karma::uint_;
using boost::spirit::karma::lit

Basic usage of an ui nt generator:

test_generator("2", lit(2V))

test_generator("2", uint_(2));

test_generator_attr("2", uint_(2), 2)

test_generator_attr("", uint_(2), 3); /] fails (as 2 != 3)!
test _generator_attr("2", uint_, 2)

Signed Integer Number Generators (int _, etc.)

Description

Thei nt _gener at or can generate signed integers of arbitrary length and size. Thisis almost the same as the ui nt _gener at or .
The only difference is the additional task of generating the' +' or ' -' sign preceding the number. The class interface is the same
asthat of theui nt _generator.

Thei nt _gener at or generator can be used to emit ordinary primitive C/C++ integers or even user defined scalars such as bigints
(unlimited precision integers) if the type follows certain expression requirements (for more information about the requirements, see
below).

Header

/'l forwards to <boost/spirit/hone/karnma/ numeric/int.hpp>
#i ncl ude <boost/spirit/include/karma_int. hpp>
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Also, see Include Structure.

Namespace
Name
boost::spirit::lit // alias: boost::spirit::karma::lit

boost::spirit::short_ // alias: boost::spirit::karma::short_
boost::spirit::int_ // alias: boost::spirit::karma::int_
boost::spirit::long_ // alias: boost::spirit::karma::long_

boost::spirit::long_long // alias: boost::spirit::karma::long_| ong

S Note
Thegeneratorsl ong_| ong and| ong_I ong( num areonly available on platforms where the preprocessor constant
BOOST_HAS_LONG_LONGisdefined (i.e. on platforms having native support for | ong | ong (64 bit) integer types).

@ Note
lit isreused by the String Generators, the Character Generators, and the Numeric Generators. In general, a char
generator is created when you pass in a character, a string generator is created when you pass in astring, and anu-
meric generator is created when you use a numeric literal.

Synopsis

template <
typename T
unsi gned Radi x
bool force_sign>
struct int_generator;

Template parameters

Parameter Description Default
T The numeric base type of the numeric i nt
parser.
Radi x Theradix base. Thiscan be either 2: bin- 10
ary, 8: octal, 10: decimal and 16: hexa-
decimal.
force_sign If true, al numbers will have a sign fal se

(space for zero)

Model of

PrimtiveCGenerator
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Notation

num Numeric literal, any signed integer value, or aLazy Argument that evaluates to a signed integer value of type Num
Num Type of nunt any signed integer type

Radi x A constant integer literal specifying the required radix for the output conversion. Valid valuesare 2, 8, 10, and 16.

force_sign A constant boolean literal specifying whether the generated number should always have asign (' +' for positive
numbers, ' - for negative numbersand a' ' for zero).

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .

Expression Semantics
lit(num Generate the integer literal num using the default formatting

(radix is 10, sign is only printed for negative literals). This
generator never fails (unlessthe underlying output stream reports
an error).

Generate the integer provided by a mandatory attribute using

?:?r ‘- the default formatting (radix is 10, sign isonly printed for neg-
| ong ative literals). This generator never fails (unless the underlying
I ong_| ong output stream reports an error).

short_(num Generatetheinteger provided by theimmediate literal valuethe
int_(num generator isinitialized from using the default formatting (radix
I ong_( num is10, signisonly printed for negative literals). If this generator

I ong_I ong( num has an associated attribute it succeeds only if the attribute is
equal to the immediate literal (unless the underlying output
stream reports an error). Otherwise this generator failsand does
not generate any output.

All generators listed in the table above (except 1 i t (num) ) are predefined specializations of thei nt _gener at or <Num Radi x,
f or ce_si gn> basicinteger number generator type described below. It ispossibleto directly usethistypeto createinteger generators
using awide range of formatting options.
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Expression Semantics

i nt_gener at or < Generatetheintegq of typg Nu mproyided by amandatory attrib-
“Num Radix, force sign uteusngthespecmec_j Radi x (possble\{alue;arez, 8,10, and
>() 16, the default valueis 10). If f or ce_si gn isf al se (the de-
fault), asignisonly printed for negativeliterals. If f or ce_si gn
istrue, all numbers will be printed using asign, i.e.’ - for
negative numbers, ' +' for positive numbers, and' ' for zeros.
This generator never fails (unless the underlying output stream

reports an error).

int_generat or < (_Senerate the integer of typ_e Num provided b)_/ the imme(_ji_ate
“Num  Radix, force_sign Ilteral valuet_hegenerator|sm|t|al|zedfrom, using the specified
>() (num Radi x (possible values are 2, 8, 10, and 16, the default value
is 10). If force_si gn isf al se (the default), a sign is only
printed for negativeliteras. If f or ce_si gnist r ue, all numbers
will be printed using asign, i.e.’ -* for negative numbers, ' +'
for positive numbers, and' ' for zeros. If this generator has
an associated attribute it succeeds only if the attribute is equal
to the immediate literal (unless the underlying output stream
reports an error). Otherwise this generator fails and does not
generate any output.

Additional Requirements

The following lists enumerate the requirements which must be met in order to use a certain type Numto instantiate and use a
i nt _generator<Num Radi x, force_sign>.

If boost::is_integral <Nunm: : val ue ist r ue the type Nummust have defined:
¢ comparison operatorsfor: <, <=, ==,! =, >, and >=

* numeric operatorsfor: +, -,/ ,*, % and unary -

If boost: :is_integral <Nun®: :val ue isf al se thetype Nummust have defined:
» comparison operatorsfor: <, <=, ==, =, >, and >=

* numeric operatorsfor: +, -,/ ,*, % and unary -

 helper functions implementing the interface and the semantics of: std::fnod, std::fabs, std:: pow, std::|round,
std::Itrunc,std::floor,andstd:: ceil.Theseneed to bedefined in away so that they will be found using argument de-
pendent lookup (ADL).
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Attributes

Expression

lit(num
short _

short _(num

int_

int_(num

| ong_

| ong_(num

| ong_|l ong

| ong_l ong( num

i nt_generator<
Num Radi x,
>()

i nt_generator<
Num Radi x,
>() (num

force_sign

force_sign

Attribute

unused

shor t, attribute is mandatory (otherwise compilation will fail)
short, attribute is optional, if it is supplied, the generator
compares the attribute with numand succeeds only if both are
equal, failing otherwise.

i nt, attribute is mandatory (otherwise compilation will fail)

i nt, attributeisoptiond,, if it issupplied, the generator compares
the attribute with numand succeedsonly if both are equal, failing
otherwise.

| ong, attribute is mandatory (otherwise compilation will fail)

| ong, attribute is optional, if it is supplied, the generator com-
paresthe attribute with numand succeeds only if both are equal,

failing otherwise.

I ong | ong, attributeismandatory (otherwise compilation will
fail)

I ong | ong, attributeisoptional, if it is supplied, the generator
compares the attribute with numand succeeds only if both are
equal, failing otherwise.

Num attribute is mandatory (otherwise compilation will fail)

Num attributeisoptional, if it is supplied, the generator compares
the attribute with numand succeeds only if both are equal, failing
otherwise.

S Note
In addition to their usual attribute of type Numall listed generators accept aninstance of aboost : : opt i onal <Nun®
aswell. If theboost : : opt i onal <> isinitialized (holds a value) the generators behave asiif their attribute was an
instance of Numand emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

Complexity

O(N), where N is the number of digits needed to represent the generated integer number
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::int_
using boost::spirit::karma::lit

Basic usage of ani nt _ generator:

test _generator("-2", lit(-2))

test _generator("-2", int_(-2))

test _generator_attr("-2", int_(-2), -2)

test_generator_attr("", int_(-2), 3); /1 fails (as -2 !'= 3)!
test _generator_attr("-2", int_, -2)

Real Number Generators (f1 oat _, doubl e_, €tc.)

Description

Ther eal _gener at or can generate real numbers of arbitrary length and size limited by its template parameter, Num The numeric
base type Numcan be auser defined numeric type such asfixed _point (fixed point reals) and bignum (unlimited precision numbers)

if the type follows certain expression requirements (for more information about the requirements, see below).

Header

/1 forwards to <boost/spirit/hone/karma/ nuneric/real.hpp>
#i ncl ude <boost/spirit/include/karma_real . hpp>

Also, see Include Structure.

Namespace
Name
boost::spirit::lit // alias: boost::spirit::karma::lit

boost::spirit::float_ // alias: boost::spirit::karma::float_
boost::spirit::double_ // alias: boost::spirit::karma::double_

boost::spirit::long_double // alias: boost::spirit::karma::|ong_double
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S Note
l'it isreused by the String Generators, the Character Generators, and the Numeric Generators. In general, a char
generator is created when you pass in a character, a string generator is created when you pass in astring, and anu-
meric generator is created when you use a numeric literal.

Synopsis

tenpl ate <typenane Num typenane Real Policies>
struct real _generator;

Template parameters

Parameter Description Default

Num The type of the real number to generate.  doubl e

Real Pol i ci es The policies to use while converting the real _pol i ci es<Nun»
real number.

For more information about the type Real Pol i ci es see below.

Model of

PrimtiveCGenerator

Notation

num Numeric literal, any real number value, or aLazy Argument that evaluates to areal number value of type Num
Num Type of nunt any real number type

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .

329

httpo://www.renderx.com/


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

render

Spirit 2.5.2

Expression Semantics
lit(num Generatethereal number literal numusing the default formatting

(notrailing zeros, f i xed representation for numbersf abs( n)
<= 1e5 && fabs(n) > le- 3, scientific representation other-
wise, 3fractiona digits, signisonly printed for negative literas).
This generator never fails (unless the underlying output stream
reports an error).

f1 oat ngerate the real numb_er provid_eq by a mandatory attribute

doubl & using the default formatting (no trailing zeros, f i xed represent-

| ong_daubl e ation for numbersfabs(n) <= 1e5 & fabs(n) > le-3,
scientific representation otherwise, 3 fractional digits, sign is
only printed for negative literals). This generator never fails
(unless the underlying output stream reports an error).

Generatetherea point number provided by theimmediateliteral

f | oat C .
doaf)ll E( ?Eumm value the generator isinitialized from using the default format-
I ong_doubl e( num ting (no trailing zeros, fixed representation for numbers

fabs(n) <= le5 && fabs(n) > le- 3, scientific represent-
ation otherwise, 3 fractional digits, signisonly printed for neg-
ative literals). If this generator has an associated attribute it
succeeds only if the attribute is equa to the immediate literal
(unlessthe underlying output stream reports an error). Otherwise
this generator fails and does not generate any output.

All generators listed in the table above (except | i t (num) ) are predefined speciaizations of ther eal _gener at or <Num Real -
Pol i ci es> basic real number generator type described below. It ispossibleto directly usethistypeto create real number generators
using awide range of formatting options.

Expression Semantics

Generate the real number of type Numprovided by amandatory

real _generator< ib ) h ified Real Pol i ci Thi o
Num Real Polici es attri utg using the specifi ‘Real Pol i ci es. IS generator
>() never fails (unlessthe underlying output stream reports an error).

real gener at o < Generatethe real number qf typg Ngmprovi ded py theimmegli.ate
Num Real Pol i ci es literal value the generator isinitialized from using the specified
>() (num Real Pol i ci es. If this generator has an associated attribute it
succeeds only if the attribute is equa to the immediate literal
(unlessthe underlying output stream reports an error). Otherwise

this generator fails and does not generate any output.

Additional Requirements

The following list enumerates the requirements which must be met in order to use a certain type Numto instantiate ar eal _gener -
ator<Num Pol i ci es>.

In order to be usable as the first template parameter for r eal _gener at or <> the type Nummust have defined:
e comparison operatorsfor: <, <=, ==,1=,> and >=

* numeric operatorsfor: +,-,/,*,and %
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« functionsimplementing theinterface and the semanticsof: st d: : f nod, st d: : pow, st d: : | 0g10,std: : | round,std:: | trunc,
std:: nodf,std:: floor,andstd:: ceil.Theseneedtobedefinedinaway sothat they will befound using argument dependent
lookup (ADL).

 avalid specidization of thetype st d: : nuneri c_l i m t s<Nun alowing for numeric property inspection.

Attributes

Expression Attribute

lit(num unused

float_ f | oat , attribute is mandatory (otherwise compilation will fail)

float _(num fl oat _, attribute is optional, if it is supplied, the generator
compares the attribute with numand succeeds only if both are
equal, failing otherwise.

doubl e_ doubl e, attributeis mandatory (otherwise compilation will fail)

doubl e_( num doubl e, attribute is optiona, if it is supplied, the generator
compares the attribute with numand succeeds only if both are
equal, failing otherwise.

| ong_doubl e | ong doubl e, attribute is mandatory (otherwise compilation
will fail)

| ong_doubl e( num | ong doubl e, attributeis optional, if it is supplied, the gener-

ator compares the attribute with numand succeeds only if both
are equal, failing otherwise.

real _generat or < Num attribute is mandatory (otherwise compilation will fail)

Num Policies
>()

real gener ator < Num attributeisoptional, if it is supplied, the generator compares
K,Sm Pol i ci es theattri.butewith numand succeeds only if both areequal, failing
>() (num otherwise.

S Note
Inaddition to their usual attribute of type Numall listed generators accept aninstance of aboost : : opt i onal <Nun®
aswell. If theboost : : opti onal <> isinitialized (holds a value) the generators behave asiif their attribute was an
instance of Numand emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

Real Number Formatting Policies

If special formatting of areal number is needed, overload the policy classr eal _pol i ci es<Nunm» and useit asatemplate parameter
tother eal _gener at or <> real number generator. For instance:
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/1 define a new real nunber formatting policy
tenpl ate <typenane Nunw
struct scientific_policy : real _policies<Nunm>
{
/1 we want the nunbers always to be in scientific fornat
static int floatfield(Numn) { return fnmflags::scientific; }
b
/'l define a new generator type based on the new policy
t ypedef real _generator<double, scientific_policy<double> > science_type;
sci ence_type const scientific = science_type();
/1 use the new generator

generat e(sink, science_type(), 1.0); [// will output: 1.0e00
generate(sink, scientific, 0.1); /1 will output: 1.0e-01

The template parameter Numshould be the type to be formatted using the overloaded policy type. At the same time Numwill be used
as the attribute type of the created real number generator.

Real Number Formatting Policy Expression Semantics

A real number formatting policy should expose the following variables and functions:
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Expression

tenpl ate <typenanme |nserter

bool

bool

bool

typenane Qutputlterator
typenane Policies>

call (Qutputlteratoré& sink,
Pol i cies const& p);

force_sign(Num n);

trailing_zeros(Numn);

Num n

Description

Thisis the main function used to generate the output for areal
number. Itiscalled by thereal generator in order to perform the
conversion. In theory all of the work can be implemented here,
but the easiest way is to use existing functionality provided by
the type specified by the template parameter | nserter. The
default implementation of thisfunctionsis:

tenpl ate <typename Inserter, typenane Cut[
putlterator
typenane Polici es>
static bool
call (QutputlteratO
or& sink, Numn, Policies const& p)

{
}

return Inserter::call_n(sink, n, p);

si nk isthe output iterator to use for generation
n isthe real number to convert

p isthe instance of the policy type used to instantiate this real
number generator.

The default behavior isto not to require generating asign. If the
functionf or ce_si gn() returnstrue, then all generated numbers
will haveasign (' +' or' -', zeroswill have a space instead of
asign).

n is the real number to output. This can be used to adjust the
required behavior depending on the value of this number.

Return whether trailing zero digits have to be emitted in the
fractional part of the output. If set, this flag instructs the real
number generator to emit trailing zeros up to the required preci-
sion digits (as returned by the pr eci si on() function).

n is the real number to output. This can be used to adjust the
required behavior depending on the value of this number.
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Expression

int floatfield(Numn);

unsi gned precision(Numn);

tenmpl ate <typename Qutputlterator>
i nteger_part(CQutputlterator& sink

bool

Num n,

bool

si gn,

bool

force_sign);

Description
Decide, which representation typeto usein the generated outpui.

By default all numbers having an absolute value of zero or in
between 0. 001 and 100000 will be generated using the fixed
format, all others will be generated using the scientific repres-
entation.

Thetrailing_zeros() can be used to force the output of
trailing zeros in the fractional part up to the number of digits
returned by the pr eci si on() member function. The default is
not to generate the trailing zeros.

n is the real number to output. This can be used to adjust the
formatting flags depending on the value of this number.

The return value has to be either fntfl ags: :scientific
(generate real number values in scientific notation) or f nt -
flags::fixed (generate real number values in fixed-point
notation).

Return the maximum number of decimal digits to generate in
the fractional part of the output.

n is the real number to output. This can be used to adjust the
required precision depending on the value of this number. If the
trailing zeros flag is specified the fractional part of the output
will be‘filled' with zeros, if appropriate.

Note: If the trailing_zeros flag is not in effect additional se-
mantics apply. See the description for the f r acti on_part ()
function below. Moreover, this precision will be limited to the
valueof std: :numeric_limts<T> :digitsl0 + 1.

This function is called to generate the integer part of the rea
number.

si nk isthe output iterator to use for generation

n isthe absolute value of the integer part of the real number to
convert (always non-negative)

si gn isthe sign of the overall real number to convert.

f or ce_si gn isaflag indicating whether a sign has to be gen-
erated even for non-negative numbers (this is the same as has
been returned from the function f orce_si gn() described
above)

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingr eal _gener at or aswell. Ifitistrue,
normal output generation continues.
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Expression

tenpl ate <typename CQutputlterator>

bool dot (Qutputlterator& sink,
unsi gned precision);

Num n,

Description
Thisfunction is called to generate the decimal point.
si nk isthe output iterator to use for generation

n isthe fractional part of the real number to convert. Note that
thisnumber is scaled such, that it represents the number of units
which correspond to the value returned from the pr eci si on()

function earlier. 1.e. afractional part of 0. 01234 isrepresented
as 1234 when the function pr eci si on() returned 5.

pr eci si on isthe number of digits to emit as returned by the
function pr eci si on() described above

Thisisgiven to allow to decide, whether adecimal point hasto
be generated at all.

Note: If thetrailing_zeros flagisnot in effect additional
comments apply. Seethedescriptionfor thef racti on_part ()
function below.

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingreal _generat or aswdll. Ifitistrue,
normal output generation continues.
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Expression

tenpl ate <typename Qutputlterator>
bool fraction_part(Qutputlterator& sink, Numn
unsi gned adj prec, unsigned precision);

tenpl ate <typenane Char Encodi ng,

bool

typenane Tag, typename Qutputlterator>

exponent (
Qut put | terat or & sink,

long n);

Description

This function is called to generate the fractional part of the
number.

si nk isthe output iterator to use for generation

n isthe fractional part of the real number to convert. Note that
thisnumber is scaled such, that it represents the number of units
which correspond to the value returned from the pr eci si on()

function earlier. 1.e. afractional part of 0. 01234 isrepresented
as 1234 when the function pr eci si on() returned 5.

adj pr ec is the corrected number of digits to emit (see note
below)

preci si on isthe number of digits to emit as returned by the
function pr eci si on() described above

Note: If trailing_zeros() returns fal se the adj prec
parameter will have been corrected from the value the pr eci -
si on() function returned earlier (defining the maximal number
of fractional digits) inthe sense, that it takesinto account trailing
zeros. |.e. areal number 0. 0123 and avalue of 5 returned from
preci si on() will resultin:

trailing_zeros() returnedfal se:nwillbe123,andad;j -
prec will be 4 (aswe need to print 0123)

trailing_zeros() returnedtrue:nwill be1230, and adj -
pr ec will be5 (aswe need to print 01230)

The missing preceding zeros in the fractional part have to be
supplied by the implementation of this policy function.

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingr eal _gener at or aswdll. Ifitistrue,
normal output generation continues.

This function is called to generate the exponential part of the
number (thisis called only if thef 1 oat fi el d() function re-
turned thef nt f | ags: : sci enti fi c flag).

si nk isthe output iterator to use for generation
n isthe (signed) exponential part of the real number to convert.

The template parameters Char Encodi ng and Tag are either of
thetypeunused_t ype or describe the character class and con-
version to be applied to any output possibly influenced by either
thel ower[] or upper[] directives.

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingr eal _gener at or aswell. Ifitistrue,
normal output generation continues.
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Expression

tenpl ate <typenanme Char Encodi ng
typename Tag, typename Qutputlterator>

bool nan (Qutputlterator& sink,

bool

tenmpl ate <typename Char Encodi ng
, typenanme Tag,
bool inf (Qutputlterator& sink,

, bool

v

Complexity

force_sign);

force_sign);

Tip

Num n

typenanme Qutputlterator>

Num n

Description

This function is called whenever the number to print is a non-
normal real number of type NaN.

si nk isthe output iterator to use for generation
n isthe (signed) real number to convert

f or ce_si gn isaflag indicating whether asign has to be gen-
erated even for non-negative numbers (this is the same as has
been returned from the function f orce_si gn() described
above)

The template parameters Char Encodi ng and Tag are either of
thetypeunused_t ype or describe the character class and con-
version to be applied to any output possibly influenced by either
thel ower[] or upper[] directives.

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingr eal _gener at or aswell. Ifitist r ue,
normal output generation continues.

This function is called whenever the number to print is a non-
normal real number of type| nf .

si nk isthe output iterator to use for generation
n isthe (signed) real number to convert

f or ce_si gn isaflag indicating whether a sign has to be gen-
erated even for non-negative numbers (this is the same as has
been returned from the function f orce_si gn() described
above)

The template parameters Char Encodi ng and Tag are either of
thetypeunused_t ype or describe the character class and con-
version to be applied to any output possibly influenced by either
thel ower[] or upper[] directives.

The return value defines the outcome of the whole generator. If
itisf al se, nofurther output isgenerated, immediately returning
f al se fromthecallingr eal _gener at or aswell. Ifitistrue,
normal output generation continues.

The easiest way to implement a proper real number formatting policy is to derive a new type from the type
real _pol i ci es<> while overriding the aspects of the formatting which need to be changed.

O(N), where N is the number of digits needed to represent the generated real number.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
using boost::spirit::karma::lit

Basic usage of an doubl e_ generator:

test_generator("2.0", lit(2.0))

test _generator("2.0", double_(2));

test_generator_attr("2.0", double_(2.0), 2.0)

test_generator_attr("", double_(2.0), 3.0); /1 fails (as 2.0 = 3.0)!
test_generator_attr("-2.0", double_, -2.0)

test_generator_attr("1.234e05", double_, 1234.0e2)
test_generator_attr("1.234e-06", double_, 0.000001234)

Boolean Generators (bool _)
Description

Asyou might expect, thebool _gener at or can generate output from boolean values. Thebool _gener at or generator can be used
to generate output from ordinary primitive C/C++ bool values or user defined boolean typesif the type follows certain expression
requirements (for more information about the requirements, see below)). The bool _gener at or is a template class. Template
parameters fine tune its behavior.

Header

/1 forwards to <boost/spirit/hone/karma/ nuneric/ bool . hpp>
#i ncl ude <boost/spirit/include/karma_bool . hpp>

Also, see Include Structure.
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Namespace
Name
boost::spirit::lit // alias: boost::spirit::karma::lit

boost::spirit::bool _ // alias: boost::spirit::karma::bool _
boost::spirit::true_ // alias: boost::spirit::karma::true_

boost::spirit::false_ // alias: boost::spirit::karma::fal se_

@ Note
l'it isreused by the String Generators, the Character Generators, and the Numeric Generators. In general, a char
generator is created when you pass in a character, a string generator is created when you pass in astring, and anu-
meric generator is created when you use a numeric (boolean) literal.

Synopsis

tenplate <

typenane B

unsi gned Pol i ci es>
struct bool _generator;

Template parameters

Parameter Description Default
B The boolean base type of the boolean bool
generator.
Pol i ci es The policies to use while converting the  bool _pol i ci es<B>
boolean.
Model of

PrimtiveCGenerator

Notation

b Boolean literal, or aLazy Argument that evaluates to a boolean value of type B

B Typeof b: any type usable as aboolean, or in case of aLazy Argument, its return value
Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi ti veGener at or .
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Expression Semantics

lit(b) Generate the boolean literal b using the default formatting
(fal se is generated as " f al se", and true is generated as
"true"). Thisgenerator never fails (unlessthe underlying output
stream reports an error).

bool _ Generate the boolean value provided by a mandatory attribute
using the default formatting (f al se is generated as" f al se",
and t r ue is generated as "t r ue" ). This generator never fails
(unless the underlying output stream reports an error).

bool _(b) Generate the boolean value provided by the immediate literal
value the generator isinitialized from using the default format-
ting (f al se isgenerated as " f al se", and t r ue is generated
as"true"). If thisgenerator has an associated attribute it suc-
ceedsonly if theattributeisequal to theimmediateliteral (unless
the underlying output stream reports an error). Otherwise this
generator fails and does not generate any output.

true_ Generate "t r ue" . If this generator has an associated attribute
it succeeds only if the attribute ist r ue as well (unless the un-
derlying output stream reports an error).

fal se_ Generate" f al se" . If thisgenerator has an associated attribute
it succeeds only if the attributeisf al se aswell (unlessthe un-
derlying output stream reports an error).

All generatorslisted in the table above (except | i t ( num) ) are predefined specializations of thebool _gener at or <B, Pol i ci es>
basi ¢ boolean generator type described below. It is possible to directly use this type to create boolean generators using awide range
of formatting options.

Expression Semantics

Generate the boolean of type B provided by amandatory attribute
bool _generator< . e 7 . :
B Policies using the specified Pol i ci es Thisgenerator never fails (unless
>() ’ the underlying output stream reports an error).

b Generate the boolean of type B provided by theimmediateliteral
ool _generator< A . o
B. Policies value the generator is initialized from, using the specified
>() (b) Pol i ci es. If this generator has an associated attribute it suc-
ceedsonly if theattributeisequal to theimmediateliteral (unless
the underlying output stream reports an error). Otherwise this
generator fails and does not generate any outpuit.

S Note
All boolean generators properly respect the upper and | ower directives.

Additional Requirements

The following lists enumerate the requirements which must be met in order to use a certain type B to instantiate and use a
bool _generator<B, Policies>.
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ThetypeB:

» must be (safely) convertible to bool

Attributes
Expression Attribute
bool _(b) unused
bool _ bool , attribute is mandatory (otherwise compilation will fail)
bool _(b) bool , attribute is optional, if it is supplied, the generator com-

pares the attribute with b and succeeds only if both are equal,
failing otherwise.

bool _gener at or < B, attribute is mandatory (otherwise compilation will fail)

B, Policies

>()

bool gener at or < B, attribute is optional, if it is supplied, the generator compares
Eg Pol i ci es the attribute with b and succeeds only if both are equal, failing
>() ( b5 otherwise.

S Note
In addition to their usual attribute of type B al listed generators accept an instance of aboost : : opt i onal <B> as
well. If the boost : : opti onal <> isinitialized (holds a value) the generators behave as if their attribute was an
instance of B and emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

Boolean Formatting Policies

If special formatting of a boolean is needed, overload the policy class bool _pol i ci es<B> and use it as a template parameter to
thebool _gener at or <> boolean generator. For instance:

struct special _bool _policy : karma::bool _policies<>

{
tenpl at e <typenanme Char Encodi ng, typenane Tag
, typename Cutputlterator>
static bool generate_false(Qutputlteratoré& sink, bool b)
{
/1 we want to spell the names of false as eurt (true backwards)
return string_inserter<CharEncoding, Tag>::call(sink, "eurt");
}
b

t ypedef karma::bool _generator<speci al _bool _policy> backwards_bool _type;
backwar ds_bool _type const backwards_bool ;

karma: : gener at e(si nk, backwards_bool, true); /1 will output: true
karma: : gener at e(si nk, backwards_bool (fal se)); /1 will output: uert

The template parameter B should be the type to be formatted using the overloaded policy type. At the same time B will be used as
the attribute type of the created real number generator. The default for Bisbool .
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Boolean Formatting Policy Expression Semantics

A boolean formatting policy should expose the following:
Expression

tenpl ate <typenane |nserter
typenanme Qutputlterator
typenane Policies>

bool call (Qutputlterator& sink, Numn
Policies const& p);

tenpl ate <typenanme Char Encodi ng,

typenanme Tag, typename Qutputlterator>
bool generate_fal se(

Qutputlterator& sink, B b);

tenpl ate <typenanme Char Encodi ng,

typename Tag, typename Qutputlterator>
bool generate_true(

Qutputlterator& sink, B b);

Complexity

Description

This is the main function used to generate the output for a
boolean. It iscalled by the boolean generator in order to perform
the conversion. In theory al of the work can be implemented
here, but the easiest way isto use existing functionality provided
by the type specified by thetemplate parameter | nsert er . The
default implementation of thisfunctionsis:

tenpl ate <typenane |nserter, typenane CQut[
putlterator
typenane Polici es>
static bool
call (QutputlteratO
or& sink, B b, Policies const& p)

{
}

return Inserter::call_n(sink, b, p);

si nk isthe output iterator to use for generation
b isthe boolean to convert

p isthe instance of the policy type used to instantiate this real
number generator.

Thisfunction is called to generate the boolean if it isf al se.
si nk isthe output iterator to use for generation
b isthe boolean to convert (the valueisf al se).

The template parameters Char Encodi ng and Tag are either of
thetypeunused_t ype or describe the character class and con-
version to be applied to any output possibly influenced by either
thel ower[] or upper[] directives.

The return value defines the outcome of the whole generator.
Thisfunction is called to generate the boolean if itist r ue.
si nk isthe output iterator to use for generation

b isthe boolean to convert (the valueist r ue).

The template parameters Char Encodi ng and Tag are either of
thetypeunused_t ype or describe the character class and con-
version to be applied to any output possibly influenced by either
thel ower[] or upper[] directives.

The return value defines the outcome of the whole generator.

O(N), where N is the number of characters needed to represent the generated boolean.
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Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::bool _;
using boost::spirit::karma::lit

Basic usage of an bool _ generator:

test_generator("true", lit(true))

test _generator("fal se", bool _(false));

test_generator_attr("true", bool _(true), true)

test_generator_attr("", bool (true), false); /1 fails (as true !'= false)!
test_generator_attr("fal se", bool _, false)

Generator Operators

Operators are used as a means for object composition and embedding. Simple generators may be composed to form composites
through operator overloading, crafted to approximate the syntax of Parsing Expression Grammar (PEG). An expression such as:

al b

yields a new generator type which is a composite of its operands, a and b.

This module includes different generators which get instantiated if one of the overloaded operators is used with more primitive
generator constructs. It includes sequences (a << b), dternatives(a | b), Kleene star (unary *), plus (unary +), optional (unary
-), lists(a % b), and the two predicates, the and predicate (unary &) and the not predicate (unary ! ).

Module Header

/'l forwards to <boost/spirit/hone/karna/ operator. hpp>
#i ncl ude <boost/spirit/include/karma_operator. hpp>

Also, see Include Structure.
Sequence Generator (a << b)

Description

Generator sequences are used to consecutively combine different, more primitive generators. All generatorsin asequence areinvoked
from left to right as long as they succeed.
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Header

/1 forwards to <boost/spirit/home/karma/ operator/sequence. hpp>
#i ncl ude <boost/spirit/include/ karma_sequence. hpp>

Also, see Include Structure.
Model of

Nar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yGener at or .

Expression Semantics
a<<b The generators a and b are executed sequentialy from left to

right and as long as they succeed. A failed generator stops the
execution of the entire sequence and makes the sequencefail as
well.

It isimportant to note, that sequences don't perform any buffering of the output generated by its elements. That meansthat any failing
sequence might have already generated some output, which is not rolled back.

@ Tip
The simplest way to force a sequence to behave as if it did buffering is to wrap it into a buffering directive (see
buffer):

buffer[a << b << c]
which will not generate any output in case of afailing sequence.

Attributes

See Compound Attribute Notation.

Expression Attribute

a << b (sequence) A b: B-->(a << b): tuple<A B>

A b: Unused --> (a << b): A
Unused, b: B--> (a << b): B
Unused, b: Unused --> (a << b): Unused

a: A b: A-->(a << b): vector<A>

a: vector<A>, b: A--> (a << b): vector<A>
a: A b: vector<A> --> (a << b): vector<A>
a: vector<A>, b: vector<A> --> (a << b): vecO
t or <A>
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A

I mportant

Thetable above usest upl e<A, B> and vect or <A> as placeholders only.

Thenotation t upl e<A, B> stands for any fusion sequence of two elements, where A isthe type of itsfirst element
and B isthe type of its second element.

The notation of vect or <A> stands for any STL container holding elements of type A.

The attribute composition and propagation rules as shown in the table above make sequences somewhat special as they can operate
intwo modesif all elements have the same attribute type: consuming fusion sequences and consuming STL containers. The selected
mode depends on the type of the attribute supplied.

Complexity

The overall complexity of the sequence generator is defined by the sum of the complexities of its elements. The
complexity of the sequence itself is O(N), where N is the number of el ements in the sequence.

Example

N

Note

The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusion/incl ude/std_pair. hpp>

<i ostreanv

<string>

Some using declarations:

usi ng boost::spirit::karma::double_;

Basic usage of a sequence:

test _generator_attr("1.0,2.0", double_ << ',' << double_, std::nake_pair(1.0, 2.0))

Alternative Generator (a | b)

Description

Generator alternatives are used to combine different, more primitive generators into alternatives. All generatorsin an alternative are
invoked from left to right until one of them succeeds.

Header

/1l forwards to <boost/spirit/home/ karma/ operator/alternative. hpp>
#i ncl ude <boost/spirit/include/karnma_alternative. hpp>

Also, see Include Structure.
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Model of
Nar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Nar yGener at or .

Expression Semantics

al b The generators a and b are executed sequentialy from left to
right until one of them succeeds. A failed generator forces the
alternative generator to try the next one. The alternative fails as
awholeonly if al elements of the alternative fail. Each element
of the alternative gets passed the whole attribute of the alternat-
ive.

Alternativesintercept and buffer the output of the currently executed element. Thisallowsto avoid partial outputsfrom failing elements
as the buffered content will be forwarded to the actual output only after an element succeeded.

Attributes

See Compound Attribute Notation.

Expression Attribute

a | b (atemnative) A b: B-->(a | b): variant<A B>

A b: Unused --> (a | b): A

Unused, b: B-->(a | b): B

Unused, b: Unused --> (a | b): Unused
A b A-->(a| b): A

LYY

2 I mportant

The table above uses vari ant <A, B> as a placeholder only. The notation var i ant <A, B> stands for the type
boost::variant <A, B>.

The attribute handling of Alternativesis specia astheir behavior is not completely defined at compile time. First of al the selected
alternative element depends on the actual type of the attribute supplied to the alternative generator (i.e. what is stored in the variant).
The attribute type supplied at runtime narrowsthe set of considered alternatives to those being compatibl e attribute wise. The remaining
aternatives are tried sequentially until the first of them succeeds. See below for an example of this behavior.

Complexity

The overall complexity of the alternative generator is defined by the sum of the complexities of its elements. The
complexity of the aternative itself is O(N), where N is the number of elementsin the alternative.

Example

E Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:
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#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::ascii::string

Basic usage of an aternative. While being only the second alternative, thedoubl e_ generator is chosen for output formatting because
the supplied attribute type is not compatible (i.e. not convertible) to the attribute type of the st ri ng alternative.

boost: :variant<std::string, double> v1(1.0);
test _generator_attr("1.0", string | double_, vi);
test_generator_attr("2.0", string | double_, 2.0);

The same formatting rules may be used to output astring. Thistimewe supply the string " exanpl e", resulting in thefirst alternative
to be chosen for the generated output.

boost: :variant<std::string, double> v2("exanple");
test_generator_attr("exanple", string | double_, v2);
test _generator_attr("exanple", string | double_, "exanple");

Kleene Star Generator (xa)
Description

Kleene star generators are used to repeat the execution of an embedded generator zero or more times. Regardless of the success of
the embedded generator, the Kleene star generator alway's succeeds.

Header

/1 forwards to <boost/spirit/hone/karnma/ operator/kl eene. hpp>
#i ncl ude <boost/spirit/include/ karma_kl eene. hpp>

Also, see Include Structure.
Model of

Unar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .

Expression Semantics

*a The generator a is executed zero or more times depending on
the availability of an attribute. The execution of a stops after
the attribute values passed to the Kleene star generator are ex-
hausted. The Kleene star aways succeeds (unlessthe underlying
output stream reports an error).
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S Note
All failing iterations of the embedded generator will consume one element from the supplied attribute.

Attributes

See Compound Attribute Notation.

Expression Attribute

*a (Kleene star, unary *) a: A--> *a: vector<A>

a: Unused --> *a: Unused

2 I mportant

The table above usesvect or <A> as a placeholder only. The notation of vect or <A> stands for any STL container
holding elements of type A.

The Kleene star generator will execute its embedded generator once for each element in the provided container attribute as long as
the embedded generator succeeds. On each iteration it will pass the next consecutive element from the container attribute to the
embedded generator. Therefore the number of iterations will not be larger than the number of elements in the container passed as
its attribute. An empty container will make the Kleene star generate no output at all.

It isimportant to note, that the Kleene star does not perform any buffering of the output generated by its embedded elements. That
means that any failing element generator might have already generated some output, which is not rolled back.

@ Tip
The simplest way to force a Kleene star to behave as if it did buffering isto wrap it into a buffering directive (see
buffer):

buf fer[ *a]
which will not generate any output in case of afailing generator * a. The expression:
*(buffer[a])

will not generate any partial output from a generator a if it fails generating in the middle of its output. The overall
expression will still generate the output as produced by all successful invocations of the generator a.

Complexity

Theoverall complexity of the Kleene star generator isdefined by the complexity of itsembedded generator multiplied
by the number of executed iterations. The complexity of the Kleene star itself is O(N), where N is the number of
elementsin the container passed as its attribute.
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karnma::space

Basic usage of aKleene star generator:

std: : vect or <doubl e> v;

v. push_back(1.0);

v. push_back(2.0);

v. push_back(3.0);

test_generator_attr_delim"1.0 2.0 3.0 ", *double_, space, v);

Plus Generator (+a)
Description

The Plus generator is used to repeat the execution of an embedded generator one or more times. It succeeds if the embedded gener-
ator has been successfully executed at least once.

Header

/1 forwards to <boost/spirit/home/karma/ operator/plus. hpp>
#i ncl ude <boost/spirit/include/karma_pl us. hpp>

Also, see Include Structure.
Model of

Unar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression Semantics

+a The generator a is executed one or more times depending on
the availability of an attribute. The execution of a stops after
the attribute values passed to the plus generator are exhausted.
The plus generator succeeds as long as its embedded generator
has been successfully executed at least once (unless the under-
lying output stream reports an error).

S Note
All failing iterations of the embedded generator will consume one element from the supplied attribute. The overall
+a will succeed as long as at least one invocation of the embedded generator will succeed (unless the underlying
output stream reports an error).

Attributes

See Compound Attribute Notation.

Expression Attribute

+ +
a (unary +) a: A --> +a: vector<A>

a. Unused --> +a: Unused

2 Im portant
The table above usesvect or <A> as a placeholder only. The notation of vect or <A> stands for any STL container
holding elements of type A.

The Plus generator will execute its embedded generator once for each element in the provided container attribute as long as the em-
bedded generator succeeds. On each iteration it will pass the next consecutive element from the container attribute to the embedded
generator. Therefore the number of iterations will not be larger than the number of elementsin the container passed as its attribute.
An empty container will make the plus generator fail.

It is important to note, that the plus generator does not perform any buffering of the output generated by its embedded el ements.
That means that any failing element generator might have already generated some output, which is not rolled back.

@ Tip
The simplest way to force a plus generator to behave asif it did buffering isto wrap it into a buffering directive (see
buf fer):
buf f er[ +a]
which will not generate any output in case of afailing generator +a. The expression:

+(buffer[al)

will not generate any partial output from a generator a if it fails generating in the middle of its output. The overall
expression will still generate the output as produced by all successful invocations of the generator a.
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Complexity

The overall complexity of the plus generator is defined by the complexity of its embedded generator multiplied
by the number of executed iterations. The complexity of the plus generator itself is O(N), where N is the number
of elementsin the container passed as its attribute.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karma::double_;
usi ng boost::spirit::karma::space

Basic usage of a plus generator:

std:: vector<doubl e> v1;

v1. push_back(1.0);

v1. push_back(2.0);

v1. push_back(3.0);

test_generator_attr_delim"1.0 2.0 3.0 ", +double_, space, v1)

A more sophisticated use case showing how to leverage the fact that plusis failing for empty containers passed as its attribute:

std: : vect or <doubl e> v2; /'l enmpty contai ner
test_generator_attr("enpty", +double_ | "enpty", v2)

List Generator (a % b)
Description

The list generator is used to repeat the execution of an embedded generator and intersperse it with the output of another generator
one or more times. It succeeds if the embedded generator has been successfully executed at least once.

Header

/1l forwards to <boost/spirit/home/karnma/operator/list. hpp>
#i ncl ude <boost/spirit/include/karma_list.hpp>

Also, see Include Structure.
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Model of
Bi nar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Bi nar yGener at or .

Expression Semantics

a%b The generator a is executed one or more times depending on
the availability of an attribute. The output generated by a isin-
terspersed with the output generated by b. The list generator
succeeds if its first embedded generator has been successfully
executed at least once (unless the underlying output stream re-
ports an error).

The list expression a % b isashortcut fora << *(b << a). Itisamost semantically equivalent, except for the attribute of b,
which getsignored in the case of the list generator.

@ Note
All failing iterations of the embedded generator will consume one element from the supplied attribute. The overall
a % b will succeed aslong as at least one invocation of the embedded generator, a, will succeed (unless the under-
lying output stream reports an error).

Attributes

See Compound Attribute Notation.

Expression Attribute
0 .
a %b (lis)) a. A b: B-->(a %b): vector<A>

a: Unused, b: B --> (a %b): Unused

2 I mportant
The table above usesvect or <A> as a placeholder only. The notation of vect or <A> stands for any STL container
holding elements of type A.

The list generator will execute its embedded generator once for each element in the provided container attribute and as long as the
embedded generator succeeds. The output generated by itsfirst generator will beinterspersed by the output generated by the second
generator. On each iteration it will pass the next consecutive element from the container attribute to the first embedded generator.
The second embedded generator does not get passed any attributes (it getsinvoked using an unused_t ype asitsattribute). Therefore
the number of iterations will not be larger than the number of elements in the container passed as its attribute. An empty container
will make the list generator fail.
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Complexity

Tip
If you want to use the list generator and still allow for an empty attribute, you can use the optional operator (see
Optiona (unary -)):

~(a %b)

which will succeed even if the provided container attribute does not contain any elements.

The overall complexity of the list generator is defined by the complexity of its embedded generators multiplied
by the number of executed iterations. The complexity of the list generator itself is O(N), where N is the number
of elementsin the container passed as its attribute.

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusion/include/std_pair. hpp>

<i ostreanr

<string>

Some using declarations:

usi ng boost::spirit::karma::double_;

Basic usage of alist generator:

std:: vector<doubl e> v1;
v1. push_back(1.0);
test_generator_attr("1.0", double_ %"',', vil)

v1. push_back(2.0);
test_generator_attr("1.0,2.0", double_ %"',', vil);

Optional Generator (-a)

Description

The optional generator is used to conditionally execute an embedded generator. It succeeds aways.

Header

/'l forwards to <boost/spirit/hone/karne/ operator/optional.hpp>
#i ncl ude <boost/spirit/include/karma_optional . hpp>
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Also, see Include Structure.
Model of
Unar yGener at or
Expression Semantics
Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
Expression Semantics
-a The generator a is executed depending on the availability of an

attribute. The optional generator succeedsif its embedded gen-
erator succeeds (unless the underlying output stream reports an

error).
Attributes
See Compound Attribute Notation.
Expression Attribute

-a (optional, unary -) a: A-->-a: optional <A>

a: Unused --> -a: Unused

2 I mportant

The table above uses opt i onal <A> as aplaceholder only. The notation of opt i onal <A> stands for the data type
boost: : opti onal <A>.

The optional generator will execute its embedded generator once if the provided attribute holds a valid value. It forwards the value
held in its attribute to the embedded generator.

It isimportant to note, that the optional generator does not perform any buffering of the output generated by its embedded el ements.
That means that any failing element might have already generated some output, which is not rolled back.

The simplest way to force aoptional generator to behave asif it did buffering isto wrap it into a buffering directive
(seebuffer):

buffer[-a]
which will not generate any output in case of afailing generator - a.

Complexity

The overall complexity of the optional generator is defined by the complexity of its embedded generator. The
complexity of the optional generator itself is O(1).
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
usi ng boost::spirit::karnma::double_;
Basic usage of an optional generator:

boost : : opti onal <doubl e> val (1.0);
test_generator_attr("1.0", -double_, val)
test_generator_attr("2.0", -double_, 2.0)

Usage and result of an empty optional generator:

boost : : opti onal <doubl e> val ; /'l enpty optiona
test_generator_attr("", -double_, val)

And-Predicate Generator (sa)
Description

The and-predicate generator is used to test, whether the embedded generator succeeds without generating any output. It succeeds if
the embedded generator succeeds.

Header

/'l forwards to <boost/spirit/hone/karna/ operator/and_predicate. hpp>
#i ncl ude <boost/spirit/include/karma_and_predicate. hpp>

Also, see Include Structure.
Model of

Unar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or is not defined in Unar yGener at or .
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Expression

&a

Semantics

The generator a is executed for the sole purpose of testing
whether it succeeds. The and-predicate generator succeedsif its
embedded generator succeeds (unless the underlying output
stream reports an error). The and-predicate never produces any
output.

The and generator isimplemented by redirecting all output produced by its embedded generator into a discarding device.

Attributes

See Compound Attribute Notation.

Expression Attribute
&a (and-predicate, unary &) a: A--> & A
Note

K

Complexity

The attribute of the and-predicate is not always unused_t ype, which is different from Qi's and-predicate. Thisis
necessary as the generator the and predicate is attached to most of the time needs an attribute.

The overall complexity of the and-predicate generator is defined by the complexity of its embedded generator.
The complexity of the and-predicate generator itself is O(1).

Example

K

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

Note

The test harness for the example(s) below is presented in the Basics Examples section.

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support_utree. hpp>
<boost/spirit/incl ude/ phoeni x_core. hpp>
<boost/spirit/incl ude/ phoeni x_operat or. hpp>
<boost/fusion/incl ude/ std_pair. hpp>

<i ostreanv

<string>

Some using declarations:

usi ng boost::spirit::karma::double_;
usi ng boost::spirit::karma::ascii::char_;
usi ng boost::spirit::karma::ascii::string
usi ng boost : : phoeni x: : ref

Basic usage of an and predicate generator:

render
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test_generator_attr("b", &har_('a'") << 'b" | '¢', "a);
test_generator_attr("c", &har_('a'") << 'b" | "¢, "x');
test_generator_attr("abc", &string("123") << "abc" | "def", "123");
test_generator_attr("def", &string("123") << "abc" | "def", "456");

Not-Predicate Generator (! a)

Description

The not-predicate generator is used to test, whether the embedded generator fails, without generating any output. It succeeds if the
embedded generator fails.

Header

/1l forwards to <boost/spirit/hone/karma/ operator/not_predicate. hpp>
#i ncl ude <boost/spirit/include/karma_not_predi cate. hpp>

Also, see Include Structure.
Model of

Unar yGener at or
Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Unar yGener at or .

Expression Semantics

la The generator a is executed for the sole purpose of testing
whether it succeeds. The not-predicate generator succeedsif its
embedded generator fails (unless the underlying output stream
reports an error). The not-predicate never produces any output.

The not generator isimplemented by redirecting all output produced by its embedded generator into a discarding device.
Attributes

See Compound Attribute Notation.

Expression Attribute
I a (not-predicate, unary ! ) a: A-->la A

S Note
The attribute of the not-predicate is not always unused_t ype, which is different from Qi's not-predicate. Thisis
necessary as the generator the and-predicate is attached to most of the time needs an attribute.
Complexity

The overall complexity of the not-predicate generator is defined by the complexity of its embedded generator. The
complexity of the not-predicate generator itself is O(1).
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Example

g Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:

usi ng boost::spirit::karnma::double_;
usi ng boost::spirit::karma::ascii::char_;
usi ng boost::spirit::karma::ascii::string
usi ng boost : : phoeni x: : ref

Basic usage of anot predicate generator:

test_generator_attr("c", !char_('a") << 'b" | '"¢', "a);
test_generator_attr("b", !char_('a") << 'b" | "¢, "x');
test_generator_attr("def", !string("123") << "abc" | "def", "123");
test_generator_attr("abc", !string("123") << "abc" | "def", "456");

Stream Generators

This module includes the description of the different variants of the st r eamgenerator. It can be used to utilize existing streaming
operators (oper at or <<(std: : ostream&, ...))for output generation.

Header

/1 forwards to <boost/spirit/home/karma/stream hpp>
#i ncl ude <boost/spirit/include/ karma_stream hpp>

Also, see Include Structure.
Stream Generators (stream wstream etc.)

Description

Thest ream gener at or isaprimitivewhich allowsto use pre-existing standard streaming operatorsfor output generation integrated
with Spirit.Karma. It provides awrapper generator dispatching the value to output to the stream operator of the corresponding type.
Any value a to be formatted using the st r eam gener at or will result in invoking the standard streaming operator for its type A,
for instance:

std::ostream operator<< (std::ostreanm A const&);
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Header

/1 forwards to <boost/spirit/home/karnma/stream hpp>
#i ncl ude <boost/spirit/include/ karma_stream hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::stream// alias: boost::spirit::karna::stream

boost::spirit::wstream// alias: boost::spirit::karma::wstream
Synopsis

tenpl ate <typenane Char>
struct stream generator;

Template parameters

Parameter Description
Char The character type to use to generate the
output. This type will be used while as-

signing the generated characters to the
underlying output iterator.

Model of

PrimtiveCGenerator

Notation

Default

char

s A variable instance of any type with a defined matching streaming oper at or <<() or a Lazy Argument that evaluates to any

type with a defined matching streaming oper at or <<() .

Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .
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Expression Description
stream Call thestreaming oper at or <<() for thetype of the mandatory

attribute. The output emitted by this operator will be the result
of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type
of the 1/O ostream is assumed to be char .

strean(s) Call the streaming oper at or <<() for thetype of theimmediate
value s. The output emitted by this operator will be the result
of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type
of the 1/O ostream is assumed to be char .

wst ream Call the streaming oper at or <<() for thetype of the mandatory
attribute. The output emitted by this operator will be the result
of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type
of the I/O ostream is assumed to bewchar _t .

wst ream( s) Call thestreaming oper at or <<()) for thetype of theimmediate
value s. The output emitted by this operator will be the result
of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type
of the 1/O ostream is assumed to bewchar _t .

All generators listed in the table above are predefined specializations of the st r eam gener at or <Char > basic stream generator
type described below. It is possible to directly use this type to create stream generators using an arbitrary underlying character type.

Expression Semantics

stream gener at or < Call thestreaming oper at or <<() for thetype of the mandatory
Char attribute. The output emitted by this operator will be the result
>() of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type

of the 1/0 ostream is assumed to be Char

stream gener at or < Call thestreaming oper at or <<() for thetype of theimmediate
Char value s. The output emitted by this operator will be the result
>()(s) of the st r eamgenerator. This generator never fails (unless the
underlying output stream reports an error). The character type

of the 1/O ostream is assumed to be Char .

Additional Requirements

All of the stream generators listed above require the type of the value to generate output for (either the immediate value or the asso-
ciated attribute) to implement a streaming operator conforming to the usual 1/0 streams conventions (whereat tri but e_type is
the type of the value to generate output for):

tenpl ate <typenanme Cstreans
Cstreami operator<< (Ostrean& os, attribute_type const& attr)
{

/'l type specific output generation

return os;
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Thisoperator will be called by the stream generatorsto gather the output for the attribute of typeat t ri but e_t ype. All datastreamed
into the given st r eamwill end up being generated by the corresponding stream generator instance.

S Note

If the st r eamgenerator isinvoked inside af or mat (or f or mat _del i mi t ed) stream manipulator the Ost r eam
passed to the oper at or <<() will have registered (imbued) the same standard locale instance as the stream the
format (orformat_del i mi t ed) manipulator has been used with. Thisensuresall facetsregistered (imbued) with
the original 1/0 stream object are used during output generation.

Attributes

Expression Attribute

stream hol d_any, attribute is mandatory (otherwise compilation will
fail)

streant(s) unused

wst ream whol d_any, attributeismandatory (otherwise compilation will
fail)

wst rean(s) unused

st ream gener at or <Char >() basi ¢_hol d_any<Char >, attribute is mandatory (otherwise
compilation will fail)

st ream gener at or <Char >() ('s) unused

2 I mportant
Theattribute type hol d_any exposed by some of the stream generatorsis semantically and syntactically equivalent
to the type implemented by Boost.Any. It has been added to Spirit as it has better a performance and a smaller
footprint if compared to Boost.Any.

S Note
In addition to their usual attribute of type At tri b al listed generators accept an instance of aboost : : opti on-
al <Attrib>aswell. If the boost : : opti onal <> isinitialized (holds a value) the generators behave as if their
attributewasaninstance of At t r i b and emit thevalue stored intheboost : : opt i onal <>. Otherwisethe generators

will fail.

Complexity
O(N), where N is the number of characters emitted by the stream generator

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:
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#i ncl ude <boost/spirit/include/karnma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
usi ng boost::spirit::karma::stream
And a class definition used in the examples:

/1 a sinple conplex nunber representation z = a + bi
struct conpl ex

{
conpl ex (double a, double b)
a(a), b(b)
{}
double a
double b
}

/1 define streami ng operator for the type conpl ex
std::ostreamx
operator<< (std::ostream os, conplex const& z)

{

OS << ll{ll << Za<< ll’ll << Zb << ll}ll
return os;

Basic usage of st r eamgenerators:

test _generator_attr("abc", stream "abc")

test _generator("abc", stream"abc"));
test_generator_attr("{1.2,2.4}", stream conplex(1l.2, 2.4));
test_generator("{1.2,2.4}", streamconplex(1.2, 2.4)));

String Generators

Thismodule includes different string oriented generators allowing to output character sequences. It includesthe synbol s generator
and variants of the st ri ng generator.

Module Header

/1 forwards to <boost/spirit/home/karma/string. hpp>
#i ncl ude <boost/spirit/include/karma_string. hpp>

Also, see Include Structure.
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String Generators (string, lit)
Description
The string generators described in this section are;

Thest ri ng generator emits astring of characters. The st ri ng generator isimplicitly verbatim: thedel i mi t parser isnot applied
in between characters of the string. The st ri ng generator has an associated Character Encoding Namespace. This is needed when
doing basic operations such as forcing lower or upper case. Examples:

string("Hello")
string(L"Hello")
string(s) /Il s is a std::string

lit,likestring, asoemitsastring of characters. The main differenceisthat | i t does not consumes an attribute. A plain string
like"hel | 0" orastd::basic_stringisequivaenttoalit.Examples:

"Hel | o"

lit("Hello")

lit(L"Hello")

lit(s) /1 s is a std::string

Header

/1l forwards to <boost/spirit/home/karma/string/lit.hpp>
#i ncl ude <boost/spirit/include/karma_string. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::lit // alias: boost::spirit::karma::lit
ns::string

In the table above, ns represents a Character Encoding Namespace used by the corresponding string generator.
Model of

PrimtiveCGenerator

Notation

s Character-class specific string (See Character Class Types), or a Lazy Argument that evaluates to a character-class specific
string value

S  Thetype of acharacter-class specific string s.
ns A Character Encoding Namespace.
Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi t i veGener at or .
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Expression

S

lit(s)

ns::string

Description

Generate the string literal s. This generator never fails (unless
the underlying output stream reports an error).

Generate the string literal s. This generator never fails (unless
the underlying output stream reports an error).

Generate the string provided by amandatory attribute interpreted
in the character set defined by ns. This generator never fails
(unless the underlying output stream reports an error).

ns::string(s) Generatethe string s asprovided by theimmediate literal value

N

Attributes

Expression

s

lit(s)
ns::string

ns::string

K

Complexity

O(N),

the generator isinitialized from. If this generator has an associ-
ated attribute it succeeds only if the attribute is equal to theim-
mediate literal (unless the underlying output stream reports an
error). Otherwise this generator fails and does not generate any
output.

Note
The generators|it (s) andstring(s) canbeinitialized either using a string literal value (i.e. " abc"), or using

astd::basic_string<char_type, ...>, wherechar_type is the required value type of the underlying
character sequence.

Caution

The generator st ri ng(s) up toversion 2.4.1 of Spirit has an undocumented feature. Given argument s generator
succeds aslong as's isa prefix of given attribute. This problem has been fixed in Spirit V2.4.2.

Attribute
unused
unused

S, attribute is mandatory (otherwise compilation will fail)

(s) S, attribute is optional, if it is supplied, the generator compares
the attribute with s and succeeds only if both are equal, failing
otherwise

Note

In addition to their usual attribute of type S al listed generators accept an instance of aboost : : opt i onal <S> as
well. If the boost : : opti onal <> isinitialized (holds a value) the generators behave as if their attribute was an
instance of S and emit the value stored in the boost : : opt i onal <>. Otherwise the generators will fail.

where N isthe number of characters emitted by the string generator
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Example

N

Note

The test harness for the example(s) below is presented in the Basics Examples section.

Some includes:

#i
#i
#i
#i
#i
#i
#i

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<boost/spirit/include/ karma. hpp>
<boost/spirit/include/ support_utree. hpp>
<boost/spirit/include/ phoeni x_core. hpp>
<boost/spirit/include/ phoeni x_operat or. hpp>
<boost/fusi on/incl ude/ std_pair. hpp>

<i ostreanv

<string>

Some using declarations:

using boost::spirit::karma::lit
usi ng boost::spirit::ascii::string

Basic usage of st ri ng generators:

test _generator("abc", "abc")
test_generator("abc", lit("abc"))
test_generator("abc", lit(std::string("abc")))

test_generator_attr("abc", string, "abc");
test _generator("abc", string("abc"));
test _generator("abc", string(std::string("abc")));

test_generator_attr("abc", string("abc"), "abc")
test_generator_attr("", string("abc"), "cbha"); /1 fails (as "abc" != "cha")

Symbols Generator (synbol s)

Description

The class synbol s implements an 'inverse’ symbol table: an associative container (or map) of key-value pairs where the values are
(most of thetime) strings. It maps the value to be generated (the key) to any other value which will be emitted instead of the original

key.

The Karma symbol table class synbol s is-a generator, an instance of which may be used anywhere in the grammar specification.
It isan example of adynamic generator. A dynamic generator is characterized by itsability to modify its behavior at runtime. Initially,
an empty symbols object will emit nothing. At any time, symbols may be added, thus, dynamically altering its behavior.

Header

/'l forwards to <boost/spirit/hone/karnma/string/synbols. hpp>
#i ncl ude <boost/spirit/include/karnma_synbol s. hpp>

Also, see Include Structure.
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Namespace

Name

boost: :spirit::karma::synbols

Synopsis

tenpl ate <typenanme Attrib
t ypename Char Encodi ng

struct synbol s;

Template parameters

Parameter

Attrib

Lookup

Char Encodi ng

Tag

Model of

PrimtiveCGenerator

Notation
Sym
Attrib

T

sym synR
sseq
dseq
sl..sN

dl...dN

f,l

A synbol s type.
An attribute type.
A datatype.

symbol s objects.

An STL container of strings.

typename T, typenane Lookup
typename Tag>

Description

The type of the origina attribute to be
used asthe key into the symbol generator
(the symboal).

The data type associated with each key.

The symbol search implementation

Used for character set selection, normally
not used by end user.

Used for character set selection, normally
not used by end user.

An STL container of datawith val ue_t ype T.

A String.

Objects of typeT.

A callable function or function object.

Forwar dl t er at or first/last pair.

Default

char

unused_t ype

if T isunused_type, std::set<At-
trib> and std::map<Attrib, T>
otherwise

unused_t ype

unused_type
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Expression Semantics

Semantics of an expression is defined only where it differs from, or isnot defined in Pri mi t i veGener at or .
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Expression
Syn()

Syn( nane)
Syn(syn)

Syn(sseq)

Syn(sseq, nane)

Syn(sseq, dseq)

Syn(sseq, dseq, nane)

sym = synP
sym= sl1, s2, ..., sN
sym += sl1, s2, ..., sN

sym add(sl)(s2)...(sN)

sym add(sl, dl)(s2, d2)...(sN, dN)

sym-=sl, s2, ..., sN
symrenove(sl) (s2)...(sN
sym cl ear ()

sym at (s)

sym find(s)

sym for_each(f)

sym nane()

sym name( nane)

Semantics

Construct an empty symbols object instance named " synbol s".
Construct an empty symbols object instance named nare.
Copy congtruct asymbolsfromsyn® (Another synmbol s object).

Construct symbols from sseq (An STL container of symbols
of typeAttri b) named" synmbol s".

Construct symbolsfrom sseq (an STL container of symbols of
type At t ri b) named nane.

Construct symbolsfrom sseq and dseq (An STL container of
symbols of type Attrib and an STL container of data with
val ue_t ype T) whichisnamed " synbol s".

Construct symbolsfrom sseq and dseq (An STL container of
symbols of type Attri b and an STL container of data with
val ue_t ype T) which is named name.

Assignsyn2 tosym

Assign one or more symbols (s1...sN) to sym The associated
datavalues of type T are default constructed.

Add one or more symbols(s1...sN) to sym The associated data
values of type T are default constructed.

Add one or more symbols(s1...sN) to sym The associated data
values of type T are default constructed.

Add one or more symbols (s1..sN) with associated data
(d1...dN) tosym

Remove one or more symbols (s1...sN) from sym

Remove one or more symbols (s1...sN) fromsym

Erase all of the symbolsinsym

Return a reference to the object associated with symboal, s. If
symdoes not aready contain such an object, at inserts the de-
fault object T() .

Return a pointer to the object associated with symbol, s. If sym
does not already contain such an object, fi nd returns a null

pointer.

For each symbol in sym s invoke f (typenane Look-
up: :val ue_type).

Retrieve the current name of the symbols object.

Set the current name of the symbols object to be nane.
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The symbols generator uses the supplied attribute as the key to be looked up in the internal associative container. If the key exists
the generator emits the associated value and succeeds (unless the underlying output stream reports an error). If the value type stored
in the symbol generator isunused_t ype it will emit the key instead. If the key does not exist the generator fails while not emitting
anything.

Attributes
The attribute of synmbol <Attrib, T>isAttrib.

If the supplied attribute is a Boost.Fusion sequence, then the symbol table generator will use the first element of that Boost.Fusion
sequence as the key to be used for lookup. The type of that first element needs to be convertibleto At t ri b. In this case the second
element of the Boost.Fusion sequence is used as the attribute while calling a generator derived from the value stored in the symbol
table for the found entry.

If the supplied attribute is a container type (trai ts: : i s_cont ai ner resolvesto npl : : t r ue_), then the symbol table generator
will use the first element stored in that container as the key to be used for lookup. Theval ue_t ype (returned by trai t s: : con-
t ai ner _val ue) has to be convertible to At t ri b. In this case the second element stored in that container is used as the attribute
while calling a generator derived from the value stored in the symbol table for the found entry.

If the supplied attribute is not a Boost.Fusion sequence and not a container type, the supplied attribute is directly used as the key for
item lookup. The attribute is used as the attribute while calling a generator derived from the value stored in the symbol table for the
found entry.

In any case, because the supplied key (i.e. either the first element of the Boost.Fusion sequence, the first container element, or the
attribute otherwise) is passed as the attribute to a generator derived from the value stored in the symbol table for the found entry, the
symbol table may store generators, which will produce output based on that value. For instance:

/1 The synbol table maps a single character key to a rul e<>
/1l The rul e<> exposes an attribute of char as well
rul e<out put _iterator_type, char()> rl = char_;

synbol s<char, rul e<output_iterator_type, char()> > sym

sym add
("j', rl.alias())
("h', rl.alias())
("t', rl.alias())
("k', rl.alias())
/1 Supplying a fusion vector as the attribute will use the first el enent

/1l (the "j') as the key to be | ooked up, while the second elenent (the 'J")
/1 is passed on as the attribute to the rule<> stored in the synbol table.
/1l Consequently, the exanple generates a single 'J'.

BOOST_ASSERT(test("J", sym nake_vector('j', '"J")))

Complexity

The default implementation usesast d: : map<> or ast d: : set <> with acomplexity of:
O(log n)

Where n isthe number of stored symbols.

Example

S Note
The test harness for the example(s) below is presented in the Basics Examples section.
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Some includes:

#i ncl ude <boost/spirit/include/karma. hpp>

#i ncl ude <boost/spirit/include/ support_utree. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/fusion/include/std_pair. hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

Some using declarations:
usi ng boost::spirit::karma::synbols
Basic usage of synbol generators:

synbol s<char, char const*> sym

sym add
("a', "Apple")
("b'", "Banana")
("o "Orange")

test _generator_attr("Banana", sym 'b')

Performance Measurements

Performance of Numeric Generators

Comparing the performance of a single int_ generator

These performance measurements are centered around default formatting of asingle i nt integer number using different libraries
and methods. The overall execution times for those examples are compared below. We compare using spri nt f , C++ iostreams,

Boost.Format, and Spirit.Karma.

For the full source code of the performancetest please see here: int_generator.cpp. All the measurements have been done by executing

le7 iterations for each formatting type (NUMITERATIONS is set to 1e7 in the code shown below).

Code used to measure the performance for | t oa:

char buffer[65]; // we don't expect nore than 64 bytes to be generated here

for (int i =0, i < MAX_|TERATION, ++i)
{

}

ltoa(v[i], buffer, 10)

Code used to measure the performance for standard C++ iostreams:

std::stringstreamstr;
for (int i = 0; i < MAX_|ITERATION;, ++i)
{

str.str("");

str << v[i];
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Code used to measure the performance for Boost.Format:

std::string str;

boost::format int_fornmat("%l");

for (int i = 0; i < MAX_ITERATION, ++i)
{

}

str = boost::str(int_format %v[i]);

Code used to measure the performance for Spirit.Karma using a plain character buffer:

char buffer[65]; // we don't expect nore than 64 bytes to be generated here
for (int i = 0; i < MAX_ITERATION, ++i)
{

char *ptr = buffer;

karma: : generate(ptr, int_, v[i]);

*ptr = "\0";

The following table shows the overall performance results collected while using different compilers. All times are in seconds
measured for 1e7 iterations (platform: Windows?, Intel Core Duo(tm) Processor, 2.8GHz, 4GByte RAM). For a more readable
comparison of the results see thisfigure.

Table 5. Performance comparison for asingleint (all timesin [g], "1e7" iterations)

Library gcc 440 (32 VC++ 10 (32 Inte 111 (32 gcc 440 (64 VC++ 10 (64 |Inte 11.1 (64
bit) bit) bit) bit) bit) bit)

Itoa 1.542 0.895 0.884 1.163 1.099 0.906
iostreams 6.548 13.727 11.898 3.464 8.316 8.115
Boost.Format 16.998 21.813 20.477 17.464 14.662 13.646
Spirit.Karma 1.421 0.744 0.697 1.072 0.953 0.606

int_
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Figure 3. Performance comparison for asingleint

Formatsingle int
(10000000 iterations)
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Hltoa M iostreams M BoostFormat B Karma

Comparing the performance of a single double_ generator

These performance measurements are centered around default formatting of asingle doubl e floating point number using different
libraries and methods. The overall execution times for those examples are compared below. We compare using spri ntf, C++
iostreams, Boost.Format, and Spirit.Karma.

For the full source code of the performance test please see here: double_performance.cpp. All the measurements have been done by
executing 1e6 iterations for each formatting type (NUMITERATIONS is set to 1e6 in the code shown below).

Code used to measure the performance for spri nt f :

char buffer[256];

for (int i = 0; i < NUMTERATIONS;, ++i) {
sprintf(buffer, "9%", 12345.12345);

}

Code used to measure the performance for standard C++ iostreams:

std::stringstreamstrm

for (int i = 0; i < NUMTERATIONS; ++i) {
strmstr("");
strm << 12345. 12345;

Code used to measure the performance for Boost.Format:

std::string generated;
boost::format double format ("% ");
for (int i = 0; i < NUMTERATIONS; ++i)
generated = boost::str(double_format % 12345. 12345);
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The following code shows the common definitions used by al Spirit.Karma performance measurements as listed below:
usi ng boost::spirit::karma::double_;
Code used to measure the performance for Spirit.Karma using a plain character buffer:

char buffer[256];

for (int i = 0; i < NUMTERATIONS; ++i) {
char *p = buffer;
generate(p, double_, 12345. 12345);
po="\0";

The following table shows the overall performance results collected while using different compilers. All times are in seconds
measured for 1e6 iterations (platform: Windows?, Intel Core Duo(tm) Processor, 2.8GHz, 4GByte RAM). For a more readable
comparison of the results see thisfigure.

Table 6. Perfor mance comparison for a single double (all timesin [g], "1e6" iterations)

Library gcc 440 (32 VC++ 10 (32 Inte 111 (32 gcc 440 (64 VC++ 10 (64 |Inte 11.1 (64
bit) bit) bit) bit) bit) bit)

sprintf 0.755 0.965 0.880 0.713 0.807 0.694

iostreams 2.316 2.624 1.964 1.634 1.468 1.354
Boost.Format 3.188 3.737 2.878 3.217 2.672 2.011
Spirit.Karma 0.813 0.561 0.368 0.426 0.260 0.218

double
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Figure 4. Performance comparison for a single double
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Comparing the performance of a sequence of several generators

These performance measurements are centered around formatting of asequence of different items, including 2 doubl e floating point
numbers using different libraries and methods. The overall execution times for those examples are compared below. We compare
using spri nt f, C++ iostreams, Boost.Format, and Spirit.Karma.

For the full source code of the performance test please see here: format_performance.cpp. All the measurements have been done by
doing 1e6 iterations for each formatting type (NUMITERATIONS is set to 1€6).

Code used to measure the performance for sprintf:

char buffer[256];
for (int i = 0; i < NUMTERATIONS; ++i) {
sprintf(buffer, "[% 14.3f% 14.3f]", 12345.12345, 12345.12345);

}

Code used to measure the performance for standard iostreams:

std::stringstreamstrm
for (int i = 0; i < NUMTERATIONS, ++i) {
strmstr("");
strm<< '['
<< std::setiosflags(std::ios::fixed)
<< std::left
<< std::setprecision(3)
<< std::setw14)
<< 12345. 12345
<< std::setw14)
<< 12345. 12345
<< '1";
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Code used to measure the performance for Boost.Format:

std::string generated
boost::format outformat ("[% 14.3f% 14.3f]");
for (int i = 0; i < NUMTERATIONS, ++i)
generated = boost::str(outformat % 12345. 12345 % 12345. 12345) ;

The following code shows the common definitions used by al Spirit.Karma performance measurements as listed below:

tenpl ate <typenane T>
struct doubl e3_policy : boost::spirit::karma::real_policies<T>
{

/1 we want to generate up to 3 fractional digits

static unsigned int precision(T) { return 3; }

b

t ypedef boost::spirit::karma::real _generator<double, double3_policy<double> >
doubl e3_t ype
doubl e3_t ype const doubl e3 = doubl e3_type()

Code used to measure the performance for Spirit.Karma using a plain character buffer:

char buffer[256];
for (int i = 0; i < NUMTERATIONS, ++i) {
char *p = buffer
generate(p
"[' << left_align(14)[double3] << left_align(14)[double3d] << ']
12345. 12345, 12345.12345);
p ='\0";

The following table shows the overall performance results collected while using different compilers. All times are in seconds
measured for 1e6 iterations (platform: Windows?, Intel Core Duo(tm) Processor, 2.8GHz, 4GByte RAM). For a more readable
comparison of the results see thisfigure.

Table 7. Performance comparison for a sequence of several items (all timesin [s], "1e6" iterations)

Library gec 440 (32 VC++ 10 (32 Intel 111 (32 gec 440 (64 VC++ 10 (64 Intel 111 (64
bit) bit) bit) bit) bit) bit)
sprintf 1.725 1.802 1.903 1.469 1.608 1.493
iostreams 4.827 5.287 4.444 3.112 3.319 2.877
Boost.Format  5.881 7.089 5.801 5.455 5.254 4.164
SiritKarma  1.942 1.242 0.999 1.334 0.758 0.686
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Figure 5. Performance comparison for a sequence of several items
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(1000000 iterations)
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Karma Index

Symbols
1.. N

Phoenix, 79, 233
-

Phoenix, 79, 233
_pass

Phoenix, 79, 233
.. rN

Phoenix, 79, 233
_val

Phoenix, 79, 233

A

alnum
Character Classification Generators (alnum, digit , etc.), 282
alpha
Character Classification Generators (alnum, digit , etc.), 282
alternative (a| b)
Alternative Generator (a|b), 345
and-predicate (& a)
And-Predicate Generator ( & a), 355
as<T>
Generator Directives Forcing Atomic Extraction (as< T >, as string [], as wstring [] ), 310
as string
Generator Directives Forcing Atomic Extraction (as< T >, as string [], as wstring [] ), 310
as wstring
Generator Directives Forcing Atomic Extraction (as< T >, as string [], as wstring [] ), 310
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attr_cast
Attribute Transformation Pseudo Generator ( attr_cast ), 257
auto_
Auto Generator, 253

B

big_bin_double
Binary Big Endianness Generators, 273
big_bin_float
Binary Big Endianness Generators, 273
big_dword
Binary Big Endianness Generators, 273
big_qword
Binary Big Endianness Generators, 273
big_word
Binary Big Endianness Generators, 273
bin
Unsigned Integer Number Generators (uint_, etc.), 318
bin_double
Binary Native Endianness Generators, 265
bin_float
Binary Native Endianness Generators, 265
blank
Character Classification Generators (alnum, digit , etc.), 282
bool
Boolean Generators ( bool ), 338
bool _generator
Boolean Generators ( bool ), 338
bool_policies
Boolean Generators ( bool ), 338
buffer
Generator Directive for Temporary Output Buffering ( buffer ] ), 302
Repetition Generator Directive (repeat [] ), 291
byte
Binary Native Endianness Generators, 265

C

center

Alignment Generator Directives (left_align[] , center [], right_align[] ), 286
char_

Character Generators ( char_, lit), 277

cntrl
Character Classification Generators (alnum, digit , etc.), 282
columns

Alignment Generator Directives (left_align[] , center [], right_align[] ), 286
Generator Directive Separating Output Into Columns ( columns[] ), 308
create_generator
API for Automatic Generator Creation, 249
create_generator_exists
API for Automatic Generator Creation, 249

D
delimit

Generator Directives Controlling Automatic Delimiting ( verbatim [] , no_delimit [] , delimit[] ), 295
delimit_flag::dont_predelimit

Iterator Based Generator API, 243

Stream Based Generator API, 246

377

httpo://www.renderx.com/


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

render

Spirit 2.5.2

delimit_flag::pre_delimit

Iterator Based Generator API, 243

Stream Based Generator API, 246
digit

Character Classification Generators (alnum, digit , etc.), 282
double

Real Number Generators ( float_, double_, etc.), 328
duplicate

Generator Directive Duplicating Attributes ( duplicate[] ), 306
dword

Binary Native Endianness Generators, 265

E
eol

End of Line Generator ( eol ), 259
eps

Epsilon Generator ( eps), 260
F
false

Boolean Generators ( bool_), 338
float_

Real Number Generators ( float_, double_, etc.), 328
format

Stream Based Generator API, 246
format_delimited

Stream Based Generator API, 246

G

generate

Iterator Based Generator API, 243
generate_delimited

Iterator Based Generator API, 243
generator

BinaryGenerator, 237

Generator, 234

Generator Concepts, 233

NaryGenerator, 238

Nonterminal, 238

PrimitiveGenerator, 235

UnaryGenerator, 235-236
grammar

Generator Grammar, 315-316
graph

Character Classification Generators (alnum, digit , etc.), 282

H

hex
Unsigned Integer Number Generators (uint_, etc.), 318

I
inf

Repetition Generator Directive ( repesat [] ), 291-292
int_

Signed Integer Number Generators (int_, etc.), 323
int_generator
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Signed Integer Number Generators (int_, etc.), 323

K
kleene (*a)
Kleene Star Generator (* a), 347
L
lazy
Lazy Generator ( lazy ), 263
left_align
Alignment Generator Directives (left_align[] , center [], right_align[] ), 286
list (2% b)

List Generator (a%b), 351
lit
Boolean Generators ( bool_), 338
Character Generators ( char_, lit), 277
Real Number Generators ( float_, double_, etc.), 328
Signed Integer Number Generators (int_, etc.), 323
String Generators ( string, lit ), 363
Unsigned Integer Number Generators (uint_, etc.), 318
little bin_double
Binary Little Endianness Generators, 269

little bin_ float

Binary Little Endianness Generators, 269
little_dword

Binary Little Endianness Generators, 269
little_qword

Binary Little Endianness Generators, 269
little word

Binary Little Endianness Generators, 269
long_

Signed Integer Number Generators (int_, etc.), 323
long_double

Real Number Generators ( float_, double_, etc.), 328
long_long

Signed Integer Number Generators (int_, etc.), 323
lower

Character Classification Generators (alnum, digit , etc.), 282
Generator Directives Controlling Case Sensitivity (upper [] , lower [] ), 298
Repetition Generator Directive ( repeat [] ), 291

M

maxwidth
Alignment Generator Directives ( left_aign[], center [] , right_align[] ), 286
Generator Directives Controlling the Maximum Field Width ( maxwidth [] ), 300

N
not-predicate (!a)
Not-Predicate Generator (! a), 357
no_delimit
Generator Directives Controlling Automatic Delimiting ( verbatim [] , no_delimit [] , delimit [] ), 295

O

oct
Unsigned Integer Number Generators (uint_, etc.), 318
omit

379

render

httpo://www.renderx.com/


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

Spirit 2.5.2

Generator Directives Consuming Attributes ( omit [] and skip [] ), 304

optional (-a)

Optiona Generator ( - a), 353
P
placeholders

Phoenix, 79, 233
plus (+a)

Plus Generator (+a), 349
print

Character Classification Generators (alnum, digit , etc.), 282
punct

Character Classification Generators (alnum, digit , etc.), 282
Q
gword

Binary Native Endianness Generators, 265
R
real_generator

Real Number Generators ( float_, double |, etc.), 328
real_policies

Real Number Generators ( float_, double |, etc.), 328
repeat

Repetition Generator Directive ( repeat [] ), 291-292
right_align

Alignment Generator Directives (left_align|[] , center [] , right_align[] ), 286
rule

Generator Rule, 312-313
S
Semantic Action

Semantic Actions with Generators, 251
sequence (a<< b)

Sequence Generator (a<<b), 343
short_

Signed Integer Number Generators (int_, etc.), 323
space

Character Classification Generators (alnum, digit , etc.), 282
string

String Generators ( string, lit ), 363

Symbols Generator ( symbols), 365-366
symbols

Symbols Generator ( symbols), 365-366

T

true_
Boolean Generators ( bool_), 338

U
uint_
Unsigned Integer Number Generators (uint_, etc.), 318
uint_generator
Signed Integer Number Generators (int_, etc.), 323
Unsigned Integer Number Generators (uint_, etc.), 318
ulong_
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Unsigned Integer Number Generators (uint_, etc.), 318
ulong_long
Unsigned Integer Number Generators (uint_, etc.), 318
upper
Character Classification Generators (alnum, digit , etc.), 282
Generator Directives Controlling Case Sensitivity (upper [] , lower [] ), 298
Repetition Generator Directive ( repeat [] ), 291-292
ushort_
Unsigned Integer Number Generators (uint_, etc.), 318

V

verbatim
Generator Directives Controlling Automatic Delimiting ( verbatim [] , no_delimit [] , delimit [] ), 295

W

word
Binary Native Endianness Generators, 265

X
xdigit
Character Classification Generators (alnum, digit , etc.), 282
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Lex - Writing Lexical Analyzers

Introduction to Spirit.Lex

Lexical scanning is the process of analyzing the stream of input characters and separating it into strings called tokens, separated by
whitespace. Most compiler texts start here, and devote several chapters to discussing various ways to build scanners. Spirit.Lexisa
library built to take care of the complexities of creating alexer for your grammar (in this documentation we will use the terms 'lex-
ical analyzer', 'lexer' and 'scanner' interchangeably). All that is needed to create alexer isto know the set of patterns describing the
different tokens you want to recognize in the input. To make this a bit more formal, here are some definitions:

» A token is a sequence of consecutive characters having a collective meaning. Tokens may have attributes specific to the token
type, carrying additional information about the matched character sequence.

» A patternisarule expressed as aregular expression and describing how a particular token can be formed. For example, [ A- Za-
z] [ A- Za- z_0- 9] * isapattern for arule matching C++ identifiers.

 Characters between tokens are called whitespace; these include spaces, tabs, newlines, and formfeeds. Many people also count
comments as whitespace, though since some tools such aslint look at comments, this method is not perfect.

Why Use a Separate Lexer?

Typicaly, lexical scanning is done in a separate module from the parser, feeding the parser with a stream of input tokens only.
Theoretically it isnot necessary implement this separation asin the end thereisonly one set of syntactical rulesdefining the language,
so in theory we could write the whole parser in one module. In fact, Spirit.Qi allows you to write parsers without using a lexer,
parsing the input character stream directly, and for the most part thisis the way Spirit has been used since its invention.

However, this separation has both practical and theoretical basis, and proves to be very useful in practical applications. In 1956,
Noam Chomsky defined the "Chomsky Hierarchy" of grammars:

» Type O: Unrestricted grammars (e.g., natural languages)
» Type 1: Context-Sensitive grammars

» Type 2: Context-Free grammars

» Type 3: Regular grammars

The complexity of these grammars increases from regular grammars being the simplest to unrestricted grammars being the most
complex. Similarly, the complexity of pattern recognition for these grammarsincreases. Although, afew features of some programming
languages (such as C++) are Type 1, fortunately for the most part programming languages can be described using only the Types 2
and 3. The neat part about these two types is that they are well known and the ways to parse them are well understood. It has been
shown that any regular grammar can be parsed using a state machine (finite automaton). Similarly, context-free grammars can always
be parsed using a push-down automaton (essentially a state machine augmented by a stack).

In real programming languages and practical grammars, the parts that can be handled as regular expressions tend to be the lower-
level pieces, such as the definition of an identifier or of an integer value:

letter = [a-zA-Z]

digit = [0-9]

identifier :=letter [ letter | digit |*
i nt eger =digit+

Higher level parts of practical grammars tend to be more complex and can't be implemented using plain regular expressions. We
need to store information on the built-in hardware stack while recursing the grammar hierarchy, and that is the preferred approach
used for top-down parsing. Since it takes a different kind of abstract machine to parse the two types of grammars, it proved to be
efficient to separate the lexical scanner into a separate module which is built around the idea of a state machine. The goal hereisto
use the simplest parsing technique needed for the job.
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Another, more practical, reason for separating the scanner from the parser is the need for backtracking during parsing. The input
dataisastream of characters, which isoften thought to be processed | eft to right without any backtracking. Unfortunately, in practice
most of the time that isn't possible. Almost every language has certain keywords such as IF, FOR, and WHILE. The decision if a
certain character sequence actually comprises a keyword or just an identifier often can be made only after seeing the first delimiter
after it. In fact, this makes the process backtracking, since we need to store the string long enough to be able to make the decision.
The same is true for more coarse grained language features such as nested | F/EL SE statements, where the decision about to which
IF belongs the last EL SE statement can be made only after seeing the whole construct.

So the structure of a conventional compiler often involves splitting up the functions of the lower-level and higher-level parsing. The
lexical scanner dealswith things at the character level, collecting charactersinto strings, converting character sequenceinto different
representations as integers, etc., and passing them along to the parser proper as indivisible tokens. It's also considered normal to let
the scanner do additional jobs, such asidentifying keywords, storing identifiersin tables, etc.

Now, Spirit follows this structure, where Spirit.Lex can be used to implement state machine based recognizers, while Spirit.Qi can
be used to build recognizers for context free grammars. Since both modules are seamlessly integrated with each other and with the
C++ target language it is even possible to use the provided functionality to build more complex grammar recognizers.

Advantages of using Spirit.Lex

The advantage of using Spirit.Lex to create the lexical analyzer over using more traditiona tools such as Flex isits carefully crafted
integration with the Spirit library and the C++ host language. You don't need any external tools to generate the code, your lexer will
be perfectly integrated with the rest of your program, making it possible to freely access any context information and data structure.
Since the C++ compiler sees all the code, it will generate optimal code no matter what configuration options have been chosen by
the user. Spirit.Lex gives you the vast majority of features you could get from a similar Flex program without the need to leave C++
as a host language:

» Thedefinition of tokens is done using regular expressions (patterns)
» Thetoken definitions can refer to special substitution strings (pattern macros) simplifying pattern definitions
» The generated lexical scanner may have multiple start states

* Itispossibleto attach code to any of the token definitions; this code gets executed whenever the corresponding token pattern has
been matched

Even if it is possible to use Spirit.Lex to generate C++ code representing the lexical analyzer (we will refer to that as the static
model, described in more detail in the section The Satic Model) - amodel very similar to the way Flex operates - we will mainly
focus on the opposite, the dynamic model. You can directly integrate the token definitions into your C++ program, building the
lexical analyzer dynamically at runtime. The dynamic model is something not supported by Flex or other lexical scanner generators
(such asre2c, Ragel, etc.). This dynamic flexibility allows you to speed up the devel opment of your application.

The Library Structure of Spirit.Lex

The figure below shows a high level overview of how the Spirit.Lex library might be used in an application. Spirit.Lex allows to
create lexical analyzers based on patterns. These patterns are regular expression based rules used to define the different tokensto be
recognized in the character input sequence. The input sequence is expected to be provided to the lexical analyzer as an arbitrary
standard forward iterator. Thelexical analyzer itself exposesastandard forward iterator aswell. The difference hereisthat the exposed
iterator provides access to the token sequence instead of to the character sequence. The tokens in this sequence are constructed on
the fly by analyzing the underlying character sequence and matching this to the patterns as defined by the application.
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Figure6. TheLibrary structureand Common Flow of I nformation whileusing Spirit.Lex in an application

Flow Control while using a standalone Lexer
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‘L Spirit.Lex
Tokenized Input
(Token lterator) .

Plain Input
(Character Iterator)
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Spirit.Lex Tutorials

Spirit.Lex Tutorials Overview

The Spirit.Lex library implements several components on top of possibly different lexer generator libraries. It exposes a pair of
iterators, which, when dereferenced, return a stream of tokens generated from the underlying character stream. The generated tokens
are based on the token definitions supplied by the user.

Currently, Spirit.Lex is built on top of Ben Hanson's excellent Lexertl library (which is a proposed Boost library). Lexertl provides
the necessary functionality to build state machines based on a set of supplied regular expressions. But Spirit.Lex is not restricted to
be used with Lexertl. We expect it to be usable in conjunction with any other lexical scanner generator library, al what needs to be
implemented is a set of wrapper objects exposing awell defined interface as described in this documentation.

@ Note
For the sake of clarity all examplesin this documentation assume Spirit.Lex to be used on top of Lexertl.

Building alexer using Spirit.Lex is highly configurable, where most of this configuration is done at compile time. AlImost al of the
configurable parameters have generally useful default values, allowing project startup to be aeasy and straightforward task. Here is
a (non-complete) list of features you can tweak to adjust the generated lexer instance to the actual needs:

» Select and customize the token type to be generated by the lexer instance.

» Select and customize the token value types the generated token instances will be able to hold.

Select the iterator type of the underlying input stream, which will be used as the source for the character stream to tokenize.

» Customize the iterator type returned by the lexer to enable debug support, special handling of certain input sequences, etc.

Select the dynamic or the static runtime model for the lexical analyzer.

Specia care has been taken during the development of the library that optimal code will be generated regardless of the configuration
options selected.

The series of tutorial examples of this section will guide you through some common use cases helping to understand the big picture.
Thefirst two quick start examples (Lex Quickstart 1 - A word counter using Spirit.Lex and Lex Quickstart 2 - A better word counter
using Spirit.Lex) introduce the Spirit.Lex library while building two stand alone applications, not being connected to or depending
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on any other part of Spirit. The section Lex Quickstart 3 - Counting Words Using a Parser demonstrates how to use alexer in con-
junction with a parser (where obviously the parser is built using Spirit.Qi).

Quickstart 1 - A word counter using Spirit.Lex

Soirit.Lex is very modular, which follows the general building principle of the Spirit libraries. You never pay for features you don't
use. It isnicely integrated with the other parts of Spirit but nevertheless can be used separately to build stand alone lexical analyzers.
Thefirst quick start example describes a stand alone application: counting characters, words, and linesin afile, very similar to what
the well known Unix command we is doing (for the full example code see here: word_count_functor.cpp).

Prerequisites

The only required #i ncl ude specific to Spirit.Lex follows. It is awrapper for al necessary definitions to use Spirit.Lex in a stand
alone fashion, and on top of the Lexertl library. Additionally we #i ncl ude two of the Boost headers to define boost : : bi nd()
and boost : :ref ().

#i ncl ude <boost/spirit/include/lex_|exertl.hpp>
#i ncl ude <boost/ bi nd. hpp>
#i ncl ude <boost/ref. hpp>

To make all the code below more readable we introduce the following namespaces.
nanmespace | ex = boost::spirit::lex;

Defining Tokens

The most important step while creating alexer using Spirit.Lex is to define the tokens to be recognized in the input sequence. This
isnormally done by defining the regul ar expressions describing the matching character sequences, and optionally their corresponding
token ids. Additionally the defined tokens need to be associated with an instance of alexer object as provided by the library. The
following code snippet shows how this can be done using Spirit.Lex.

Thetemplatewor d_count _t okens definesthreedifferent tokens: | D_WORD, | D_EQL, and | D_CHAR, representing aword (anything
except awhitespace or a newline), a newline character, and any other character (I D_WORD, | D_EQL, and | D_CHAR are enum values
representing the token ids, but could be anything else convertible to an integer as well). The direct base class of any token definition
class needs to be the template | ex: : | exer <>, where the corresponding template parameter (here: | ex: : | exert | : : | exer <Ba-

sel t er at or >) defines which underlying lexer engine has to be used to provide the required state machine functionality. In this
example we use the Lexertl based lexer engine as the underlying lexer type.

tenpl ate <typenanme Lexer>
struct word_count _tokens : |ex::|exer<Lexer>

{

wor d_count _t okens()

/1 define tokens (the regular expression to match and the correspondi ng
/1 token id) and add themto the | exer
t hi s->sel f. add

("[~ \t\n]+", IDWORD) // words (anything except ' ', "\t' or '"\n")
("\n", 1D_EQL) /'l new ine characters
(".", ID_CHAR /] anything else is a plain character

Doing the Useful Work

We will use a setup, where we want the Spirit.Lex library to invoke a given function after any of the generated tokens is recognized.
For this reason we need to implement a functor taking at least the generated token as an argument and returning a boolean value al-
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lowing to stop the tokenization process. The default token type used in this example carries a token value of the type
boost ::iterator_range<Baselterat or > pointing to the matched range in the underlying input sequence.

In this example the struct 'counter’ is used as a functor counting the characters, words and lines in the analyzed input sequence by
identifying the matched tokens as passed from the Spirit.Lex library.

struct counter

{
/'l the function operator gets called for each of the matched tokens
/1l ¢, I, ware references to the counters used to keep track of the nunbers
tenpl ate <typenanme Token>
bool operator()(Token const& t, std::size t& c, std::size t& w, std::size_t&|) const
{
switch (t.id()) {
case | D WORD: /1 matched a word
/'l since we're using a default token type in this exanple, every
/'l token instance contains a “iterator_range<Baselterator> as its token
/1 attribute pointing to the matched character sequence in the input
++w, ¢ += t.value().size();
br eak;
case | D EQL: /1 matched a new i ne character
++| ; ++c;
br eak;
case | D_CHAR /1 mat ched sonet hing el se
++C;
br eak;
}
return true; /1 always continue to tokenize
}
b

All what isleft isto write some boilerplate code helping to tie together the pieces described so far. To simplify this example we call
thel ex: : t okeni ze() functionimplemented in Spirit.Lex (for amore detailed description of thisfunction see here: FIXME), even
if we could have written aloop to iterate over the lexer iterators[fi rst, | ast) aswell.

Pulling Everything Together

The main function simply loads the given file into memory (asast d: : st ri ng), instantiates an instance of the token definition
template using the correct iterator type (wor d_count _t okens<char const*>), and finaly cals| ex: : t okeni ze, passing an
instance of the counter function object. The return value of | ex: : t okeni ze() will bet r ue if the whole input sequence has been
successfully tokenized, and f al se otherwise.
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int main(int argc, char* argv[])

{

/'l these variables are used to count characters, words and |ines
std::size_t ¢c =0, w=0, | =0
/'l read input fromthe given file
std::string str (read_fromfile(l == argc ? "word_count.input" : argv[1]))
/'l create the token definition instance needed to invoke the |exical analyzer
wor d_count _t okens<l ex: :l exertl:: |l exer<> > word_count _functor
/'l tokenize the given string, the bound functor gets invoked for each of
/'l the natched tokens
char const* first = str.c_str()
char const* last = &first[str.size()]
bool r = lex::tokenize(first, last, word_count_functor

boost:: bind(counter(), _1, boost::ref(c), boost::ref(w), boost::ref(l)))
/'l print results
if (r) {

std::cout << "lines: " << | << ", words: " << w

<< ", characters: " << ¢ << "\n";

}
el se {

std::string rest(first, last)

std::cout << "Lexical analysis failed\n" << "stopped at: \""

<< rest << "\"\n";
}
return O
}

Comparing Spirit.Lex with Flex

This example was deliberately chosen to be as much as possible similar to the equivalent Flex program (see below), which isn't too
different from what has to be written when using Spirit.Lex.

@ Note
Interestingly enough, performance comparisons of lexical analyzerswritten using Spirit.Lexwith equivalent programs
generated by Flex show that both have comparable execution speeds! Generally, thanks to the highly optimized
Lexertl library and due its carefully designed integration with Spirit the abstraction penalty to be paid for using
Soirit.Lexisnegligible.

The remaining examples in this tutorial will use more sophisticated features of Spirit.Lex, mainly to allow further simplification of
the code to be written, while maintaining the similarity with corresponding features of Flex. Spirit.Lex has been designed to be as
similar to Flex as possible. That iswhy this documentation will provide the corresponding Flex codefor the shown Spirit.Lex examples
almost everywhere. So consequently, here is the Flex code corresponding to the example as shown above.
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A
#define | D_WORD 1000
#define 1D _EQL 1001
#define |1 D_CHAR 1002
int ¢c=0 w=0,1=0
%4
%%
[~ \t\n]+ { return ID_WORD;, }
\n { return ID_EQ.; }
. { return ID_CHAR }
%%
bool count (int tok)
{
switch (tok) {
case |D WORD: ++w, ¢ += yyleng; break
case ID EQL: ++l; ++c; break;
case |D_ CHAR ++c; break
defaul t:
return fal se;
}
return true
}
void main()
{
int tok = EOF
do {
tok = yylex();
if (!count(tok))
br eak;
} while (EOF ! = tok);
printf("%l % %\n", |, w c);
}

Quickstart 2 - A better word counter using Spirit.Lex

People familiar with Flex will probably complain about the example from the section Lex Quickstart 1 - A word counter using
Soirit.Lex as being overly complex and not being written to leverage the possibilities provided by thistool. In particular the previous
example did not directly use the lexer actions to count the lines, words, and characters. So the example provided in this step of the
tutorial will show how to use semantic actionsin Spirit.Lex. Even though this examples still counts textual elements, the purposeis
to introduce new concepts and configuration options along the lines (for the full example code see here: word_count_lexer.cpp).

Prerequisites

In addition to the only required #i ncl ude specific to Spirit.Lex this example needs to include a couple of header files from the
Boost.Phoenix library. This example shows how to attach functors to token definitions, which could be done using any type of C++
technique resulting in a callable object. Using Boost.Phoenix for thistask simplifies things and avoids adding dependencies to other
libraries (Boost.Phoenix is aready in use for Spirit anyway).

#i ncl ude <boost/spirit/include/lex_|exertl.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/spirit/include/ phoeni x_statemnment. hpp>
#i ncl ude <boost/spirit/include/ phoenix_al gorithm hpp>
#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

To make al the code below more readable we introduce the following namespaces.

nanespace | ex = boost::spirit::|lex;
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To give apreview at what to expect from this example, here isthe flex program which has been used as the starting point. The useful
code isdirectly included inside the actions associated with each of the token definitions.

%
int ¢c =0, w=20,1 =0
%
9%
[~ \t\n]+ { ++w, c += yyleng; }
\'n { ++c; ++l; }
: { ++c; }
9%
mai n()
{
yylex():
printf("% %l %\n", |, w c);
}

Semantic Actions in Spirit.Lex

Soirit.Lex uses avery similar way of associating actions with the token definitions (which should look familiar to anybody know-
ledgeable with Spirit as well): specifying the operations to execute inside of apair of [ ] brackets. In order to be able to attach se-
mantic actions to token definitions for each of them there is defined an instance of at oken_def <>.

tenpl ate <typename Lexer>
struct word_count _tokens : |ex::|exer<Lexer>
{

wor d_count _t okens()

c(0), w0), 1(0)

word("[~ \t\n]+") /1 define tokens
eol ("\'n")
any(".")
{
usi ng boost::spirit::lex::_start;
usi ng boost::spirit::lex::_end,
usi ng boost : : phoeni x: : ref;
/1 associate tokens with the |exer
this->self
= word |[++ref(w), ref(c) += distance(_start, _end)]
| eol [++ref(c), ++ref(l)]
| any [++ref(c)]
}

std::size_t c, w |I|;
| ex::token_def <> word, eol, any;

The semantics of the shown codeisasfollows. Thecodeinsidethe[] brackets will be executed whenever the corresponding token
has been matched by the lexical analyzer. Thisisvery similar to Flex, where the action code associated with atoken definition gets
executed after the recognition of amatching input sequence. The code above uses function objects constructed using Boost.Phoenix,
but it is possible to insert any C++ function or function object as long as it exposes the proper interface. For more details on please
refer to the section Lexer Semantic Actions.

Associating Token Definitions with the Lexer

If you compare this code to the code from Lex Quickstart 1 - A word counter using Spirit.Lex with regard to the way how token
definitions are associated with the lexer, you will notice a different syntax being used here. In the previous example we have been
usingthesel f. add() style of the API, while we here directly assign the token definitionsto sel f , combining the different token
definitions using the | operator. Here is the code snippet again:
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this->self

= word [++ref(w), ref(c) += distance(_1)]
| eol [++ref(c), ++ref(l)]
| any [++ref(c)]

This way we have a very powerful and natural way of building the lexical analyzer. If translated into English this may be read as:
Thelexical analyzer will recognize ('=") tokens as defined by any of ('| ") the token definitionswor d, eol , and any.

A second difference to the previous example is that we do not explicitly specify any token ids to use for the separate tokens. Using
semantic actions to trigger some useful work has freed us from the need to define those. To ensure every token gets assigned aid
the Spirit.Lex library internally assigns unique numbers to the token definitions, starting with the constant defined by
boost::spirit::lex::mn_token_id.

Pulling everything together

In order to execute the code defined above we still need to instantiate an instance of the lexer type, feed it from someinput sequence
and create a pair of iterators allowing to iterate over the token sequence as created by the lexer. This code shows how to achieve

these steps:
int main(int argc, char* argv[])
{
@ typedef
| ex::lexertl::token<char const*, lex::omt, boost::npl::false_ >
t oken_type;
® typedef lex::lexertl::actor_I|exer<token_type> | exer_type;
© word_count _t okens<l exer _type> word_count _| exer;
O std::string str (read_fromfile(l == argc ? "word_count.input” : argv[1]));
char const* first = str.c_str();
char const* last = & irst[str.size()];
© lexer_type::iterator_type iter = word_count_| exer.begin(first, last);
| exer _type::iterator_type end = word_count _| exer.end();
O while (iter = end & token_is_valid(*iter))
++iter;
if (iter == end) {
std::cout << "lines: " << word_count_|exer.|
<< ", words: " << word_count_|exer.w
<< ", characters: " << word_count_|exer.c
<< "\ n";
}
el se {
std::string rest(first, last);
std::cout << "Lexical analysis failed\n" << "stopped at: \""
<< rest << "\"\n";
}
return O;
}
© Specifying oni t asthe token attribute type generates a token class not holding any token attribute at al (not even the iterator

range of the matched input sequence), therefore optimizing the token, the lexer, and possibly the parser implementation as
much as possible. Specifying npl : : f al se_ asthe 3rd template parameter generates a token type and an iterator, both holding
no lexer state, allowing for even more aggressive optimizations. As a result the token instances contain the token ids as the
only data member.
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This defines the lexer type to use

Create the lexer object instance needed to invoke the lexical analysis

Read input from the given file, tokenize all the input, while discarding all generated tokens

Create a pair of iterators returning the sequence of generated tokens

Here we simply iterate over all tokens, making sure to break the loop if an invalid token gets returned from the lexer

00060

Quickstart 3 - Counting Words Using a Parser

The whole purpose of integrating Spirit.Lex as part of the Spirit library was to add alibrary allowing the merger of lexical analysis
with the parsing process as defined by a Spirit grammar. Spirit parsers read their input from an input sequence accessed by iterators.
So naturally, we chose iterators to be used as the interface between the lexer and the parser. A second goal of the lexer/parser integ-
ration was to enable the usage of different lexical analyzer libraries. The utilization of iterators seemed to be the right choice from
this standpoint as well, mainly because these can be used as an abstraction layer hiding implementation specifics of the used lexer
library. The picture below shows the common flow control implemented while parsing combined with lexical analysis.

Figure 7. The common flow control implemented while par sing combined with lexical analysis

Flow Control while Parsing using Lexical Analysis
Evaluate Input

e~

bool parse()

int main()

| -

Return true

Request Next Token
on Success
Request Mext

Character

L . )
- *lﬂx‘_lter‘l'ﬁ' ‘ﬁ

Return Token

.,

Another problem related to theintegration of thelexical analyzer with the parser wasto find away how the defined tokens syntactically
could be blended with the grammar definition syntax of Spirit. For tokens defined as instances of thet oken_def <> class the most
natural way of integration was to allow to directly use these as parser components. Semantically these parser components succeed
matching their input whenever the corresponding token type has been matched by thelexer. Thisquick start examplewill demonstrate
this (and more) by counting words again, simply by adding up the numbersinside of semantic actions of aparser (for thefull example
code see here: word_count.cpp).

Prerequisites

Thisexample usestwo of the Spirit library components. Spirit.Lex and Spirit.Qi, consequently we haveto#i ncl ude the corresponding
header files. Again, we need to include a couple of header files from the Boost.Phoenix library. This example shows how to attach
functorsto parser components, which could be done using any type of C++ technique resulting in acallable object. Using Boost.Phoenix
for thistask simplifies things and avoids adding dependencies to other libraries (Boost.Phoenix isalready in use for Spirit anyway).

#i ncl ude <boost/spirit/include/qi.hpp>

#i ncl ude <boost/spirit/include/lex_|lexertl.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <boost/spirit/include/ phoenix_statenent. hpp>
#i ncl ude <boost/spirit/include/ phoenix_contai ner. hpp>

To make all the code below more readable we introduce the following namespaces.
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usi ng nanespace boost::spirit;
usi ng nanmespace boost::spirit::ascii

Defining Tokens

If compared to the two previous quick start examples (Lex Quickstart 1 - A word counter using Spirit.Lex and Lex Quickstart 2 - A
better word counter using Spirit.Lex) the token definition class for this example does not reveal any surprises. However, it uses lexer
token definition macrosto simplify the composition of the regular expressions, which will be described in more detail in the section
FIXME. Generally, any token definition is usable without modification from either a stand alone lexical analyzer or in conjunction
with a parser.

tenpl ate <typenane Lexer>

struct word_count _tokens : |ex::|exer<Lexer>
{
wor d_count _t okens()
{
/1 define patterns (lexer nmacros) to be used during token definition
/'l bel ow
this->sel f.add_pattern
("WORD", "[™ \t\n]+")
/1 define tokens and associate themw th the | exer
word = "{WORD}"; /'l reference the pattern 'WORD as defined above
/1l this lexer will recognize 3 token types: words, new ines, and
/'l everything el se
t his->sel f. add
(word) /1 no token id is needed here
("\n") /'l characters are usable as tokens as well
(".", | DANY) /1l string literals will not be escaped by the library
}

/'l the token 'word' exposes the matched string as its parser attribute
| ex::token_def<std::string> word;

Using Token Definition Instances as Parsers

While the integration of lexer and parser in the control flow is achieved by using special iterators wrapping the lexical analyzer, we
still need ameans of expressing in the grammar what tokensto match and where. The token definition class above usesthree different

ways of defining a token:

» Using aninstance of at oken_def <>, which is handy whenever you need to specify atoken attribute (for moreinformation about
lexer related attributes please [ook here: Lexer Attributes).

» Using asingle character as the token, in this case the character represents itself as atoken, where the token id is the ASCII char-
acter value.

» Using aregular expression represented as a string, where the token id needs to be specified explicitly to make the token accessible
from the grammar level.

All three token definition methods require a different method of grammar integration. But as you can see from the following code
snippet, each of these methods are straightforward and blend the corresponding token instances naturally with the surrounding
Soirit.Qi grammar syntax.
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Token definition Parser integration

t oken_def <> Thet oken_def <> instance is directly usable as a parser com-
ponent. Parsing of this component will succeed if the regular
expression used to define this has been matched successfully.

single character Thesingle character isdirectly usablein the grammar. However,
under certain circumstances it needs to be wrapped by a
char _() parser component. Parsing of this component will
succeed if the single character has been matched.

explicit token id To use an explicit token id in a Spirit.Qi grammar you are re-
quired to wrap it with the special t oken() parser component.
Parsing of this component will succeed if the current token has
the sametokenid as specified in the expressiont oken( <i d>) .

The grammar definition below uses each of the three types demonstrating their usage.

tenpl ate <typenane I|terator>
struct word_count_grammar : gi::grammar<lterator>

{
tenpl ate <typenane TokenDef >
wor d_count _gr anmar ( TokenDef const & tok)
: word_count _grammar: : base_type(start)
c(0), w0), 1(0)
{
usi ng boost : : phoeni x: : ref;
usi ng boost : : phoeni x: : si ze;
start = *( t ok. word [++ref(w), ref(c) += size(_1)]
| lit('\n") [++ref(c), ++ref(l)]
| gi : :token(1DANY) [++ref(c)]
)
}
std::sizet c, w |I;
gi::rule<lterator> start;
}

Asalready described (seer Attributes), the Spirit.Qi parser library builds upon aset of fully attributed parser components. Conseguently,
all token definitions support this attribute model aswell. The most natural way of implementing this was to use the token values as
the attributes exposed by the parser component corresponding to the token definition (you can read more about thistopic here: About
Tokens and Token Values). The example above takes advantage of the full integration of the token values as the t oken_def <>'s
parser attributes: the wor d token definition is declared as at oken_def <st d: : st ri ng>, making every instance of awor d token
carry the string representation of the matched input sequence as its value. The semantic action attached to t ok. wor d receives this
string (represented by the _1 placeholder) and usesit to calculate the number of matched characters: ref (¢) += size(_1).

Pulling Everything Together

The main function needs to implement a bit more logic now as we have to initialize and start not only the lexical analysis but the
parsing processaswell. Thethreetype definitions (t ypedef statements) simplify the creation of thelexical analyzer and the grammar.
After reading the contents of the given file into memory it callsthe functiont okeni ze_and_par se() toinitialize the lexical ana-
lysis and parsing processes.
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int main(int argc, char* argv[])
{
O typedef lex::lexertl::token<
char const*, boost::npl::vector<std::string>
> token_type;

® typedef lex::lexertl::|exer<token_ type> |exer_type;
© typedef word_count_tokens<l exer_type>::iterator_type iterator_type;

/1 now we use the types defined above to create the | exer and granmmar
/1 object instances needed to invoke the parsing process

wor d_count _t okens<I| exer _t ype> word_count; [l CQur |exer
word_count _grammar<iterator_type> g (word_count); // Qur parser

// read in the file int nmenory

std::string str (read_fromfile(l == argc ? "word_count.input” : argv[1]));
char const* first = str.c_str();

char const* last = & irst[str.size()];

O bool r = lex::tokenize_and_parse(first, last, word_count, g);
ifo(r) {
std::cout << "lines: " << g.l << ", words: " << g.w
<< ", characters: " << g.c << "\n";
}
el se {

std::string rest(first, last);
std::cerr << "Parsing failed\n" << "stopped at: \""
<< rest << "\"\n";

}

return O;

—

Define the token type to be used: st d: : st ri ng is available as the type of the token attribute

Define the lexer type to use implementing the state machine

Define the iterator type exposed by the lexer type

Parsing is done based on the token stream, not the character stream read from theinput. Thefunctiont okeni ze_and_par se()
wrapsthe passed iterator range[ fi rst, |ast) by thelexical analyzer and usesitsexposed iteratorsto parse the token stream.

(-~ o)

Abstracts

Lexer Primitives

About Tokens and Token Values

Asalready discussed, lexical scanning is the process of analyzing the stream of input characters and separating it into strings called
tokens, most of the time separated by whitespace. The different token types recognized by a lexical analyzer often get assigned
unique integer token identifiers (token ids). These token ids are normally used by the parser to identify the current token without
having to look at the matched string again. The Spirit.Lex library is not different with respect to this, asit uses the token ids as the
main means of identification of the different token types defined for a particular lexical analyzer. However, it is different from
commonly used lexical analyzersin the sense that it returns (references to) instances of a (user defined) token classto the user. The
only limitation of thistoken classisthat it must carry at least the token id of the token it represents. For more information about the
interface a user defined token type has to expose please ook at the Token Class reference. The library provides a default token type
based on the Lexertl library which should be sufficient in most cases: the | ex: : | exert| : : t oken<> type. This section focusses
on the description of general features atoken class may implement and how thisintegrates with the other parts of the Spirit.Lex library.
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The Anatomy of a Token

It isvery important to understand the difference between atoken definition (represented by thel ex: : t oken_def <> template) and
atoken itself (for instance represented by thel ex: : | exert| : : t oken<> template).

The token definition is used to describe the main features of a particular token type, especially:
« to simplify the definition of atoken type using aregular expression pattern applied while matching this token type,

* to associate atoken type with a particular lexer state,

to optionally assign atoken id to atoken type,

to optionally associate some code to execute whenever an instance of this token type has been matched,
» andto optionally specify the attribute type of the token value.

Thetoken itself isadata structure returned by the lexer iterators. Dereferencing alexer iterator returns areference to thelast matched
token instance. It encapsulatesthe part of the underlying input sequence matched by the regular expression used during the definition
of this token type. Incrementing the lexer iterator invokes the lexical analyzer to match the next token by advancing the underlying
input stream. The token data structure contains at least the token id of the matched token type, alowing to identify the matched
character sequence. Optionally, the token instance may contain atoken value and/or the lexer state this token instance was matched
in. The following figure shows the schematic structure of atoken.

Figure 8. The structure of atoken

Token structure

Mandatory
Member

Token ldentifier

Token Value

Optional
Members

Lexer State

The token value and the lexer state the token has been recognized in may be omitted for optimization reasons, thus avoiding the need
for the token to carry more data than actually required. This configuration can be achieved by supplying appropriate template para-
metersfor thel ex: : | exertl : : t oken<> template while defining the token type.

The lexer iterator returns the same token type for each of the different matched token definitions. To accommodate for the possible
different token value types exposed by the various token types (token definitions), the general type of the token vaue is a
Boost.Variant. At a minimum (for the default configuration) this token value variant will be configured to aways hold a
boost : :iterator_range containing the pair of iterators pointing to the matched input sequence for this token instance.
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S Note
If the lexical analyzer is used in conjunction with a Spirit.Qi parser, the stored boost : : i t er at or _r ange token
value will be converted to the requested token type (parser attribute) exactly once. This happens at the time of the
first accessto the token val ue requiring the corresponding type conversion. The converted token value will be stored
in the Boost.Variant replacing the initially stored iterator range. This avoids having to convert the input sequence
to the token value more than once, thus optimizing the integration of the lexer with Spirit.Qi, even during parser
backtracking.

Here isthe template prototype of thel ex: : | exert| : : t oken<> template:

tenplate <
typenane Iterator = char const*,
typenanme AttributeTypes = npl::vector0<>,
typenanme HasState = npl::true_

>

struct |exertl _token;

where:

Iterator Thisisthetype of theiterator used to accessthe underlying input stream. It defaultstoaplainchar const *.

AttributeTypes Thisis either a mpl sequence containing al attribute types used for the token definitions or the type omi t .
If the mpl sequence is empty (which is the default), all token instances will store a boost: :iterat -
or _range<l t er at or > pointing to the start and the end of the matched section in the input stream. If the
typeisoni t , the generated tokens will contain no token value (attribute) at all.

HasState Thisiseither mpl : : true_or npl : : f al se_, alowing control as to whether the generated token instances
will contain the lexer state they were generated in. The default ismpl::true_, so all token instanceswill contain
the lexer state.

Normally, during construction, a token instance always holdsthe boost : : i t er at or _r ange asitstoken value, unlessit has been
defined using the oni t token value type. This iterator range then is converted in place to the requested token val ue type (attribute)
when it isrequested for the first time.

The Physiognomy of a Token Definition

The token definitions (represented by the | ex: : t oken_def <> template) are normally used as part of the definition of the lexical
analyzer. At the same time a token definition instance may be used as a parser component in Spirit.Qi.

The template prototype of thisclassis shown here:

t enpl at e<
typenanme Attribute = unused_type,
t ypename Char = char

>

cl ass token_def;

where:

Attribute Thisisthetype of the token value (attribute) supported by token instances representing thistoken type. This attribute
type is exposed to the Spirit.Qi library, whenever this token definition is used as a parser component. The default
attribute typeisunused_t ype, which meansthe token instance holdsaboost : : i t er at or _r ange pointing to the
start and the end of the matched section in the input stream. If the attribute isomi t the token instance will expose
no token type at all. Any other type will be used directly as the token value type.

Char Thisisthe value type of the iterator for the underlying input sequence. It defaultsto char .
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The semantics of the template parameters for the token type and the token definition type are very similar and interdependent. Asa
rule of thumb you can think of the token definition type as the means of specifying everything related to a single specific token type
(suchasi dentifier orinteger).Onthe other hand the token typeis used to define the general properties of all token instances
generated by the Spirit.Lex library.

2 I mportant
If you don't list any token value types in the token type definition declaration (resulting in the usage of the default
boost : : it erat or_range token type) everything will compile and work just fine, just a bit less efficient. Thisis
because the token value will be converted from the matched input sequence every timeit is requested.

But as soon as you specify at |east one token value type while defining the token type you'll have to list al value
types used for | ex: : t oken_def <> declarations in the token definition class, otherwise compilation errors will
occur.

Examples of using | ex: : | exertl::token<>

Let's start with some examples. We refer to one of the Spirit.Lex examples (for the full source code of this example please see ex-
ampled.cpp).

The first code snippet shows an excerpt of the token definition class, the definition of a couple of token types. Some of the token
types do not expose a special token value (i f _, el se_, and whi | e_). Their token value will always hold the iterator range of the
matched input sequence. The token definitionsfor thei denti fi er and theinteger const ant are specialized to expose an explicit
token type each: st d: : st ri ng and unsi gned i nt.

/'l these tokens expose the iterator_range of the matched i nput sequence
| ex::token_def<> if_, else_, while_;

/1 The followi ng two tokens have an associ ated attribute type, '"identifier'
/1 carries a string (the identifier nane) and 'constant' carries the
/1 matched integer val ue

I

/1 Note: any token attribute type explicitly specified in a token_def<>
/1 decl aration needs to be listed during token type definition as
/1 wel | (see the typedef for the token_type bel ow).

I

/'l The conversion of the matched input to an instance of this type occurs
/1 once (on first access), which nmakes token attributes as efficient as
/'l possible. Mreover, token instances are constructed once by the | exer
/1 library. Fromthis point on tokens are passed by reference only,

/1 avoi ding them bei ng copi ed around.

| ex::token_def<std::string> identifier;

| ex: : token_def <unsi gned int> constant;

Asthe parsers generated by Spirit.Qi are fully attributed, any Spirit.Qi parser component needs to expose a certain type asits parser
attribute. Naturally, thel ex: : t oken_def <> exposes the token value type asits parser attribute, enabling a smooth integration with

Sirit.Qi.

The next code snippet demonstrates how the required token val ue types are specified while defining the token type to use. All of the
token value types used for at |east one of the token definitions have to be re-iterated for the token definition as well.
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/1 This is the | exer token type to use. The second tenplate paraneter lists
/1 all attribute types used for token_def's during token definition (see
/'l cal cul at or _t okens<> above). Here we use the predefined |exertl token
/1 type, but any conpatible token type nmay be used instead
I
/1 If you don't list any token attribute types in the follow ng declaration
/1 (or just use the default token type: |exertl|l _token<base_ iterator_type>)
/1 it will conpile and work just fine, just a bit less efficient. This is
/1 because the token attribute will be generated fromthe matched i nput
/'l sequence every tine it is requested. But as soon as you specify at
/1 least one token attribute type you'll have to list all attribute types
/1 used for token_def<> declarations in the token definition class above
/1 otherwi se conpilation errors will occur
typedef lex::lexertl::token<

base_iterator_type, boost::npl::vector<unsigned int, std::string>
> token_type

To avoid the token to have a token value at al, the specia tag omit can be used: token_def<onit> and | ex-
ertl _token<base iterator_type, omt>.

Tokenizing Input Data
The tokenize function

Thet okeni ze() function isahelper function simplifying the usage of alexer in a stand alone fashion. For instance, you may have
a stand alone lexer where all that functional requirements are implemented inside lexer semantic actions. A good example for this
istheword _count_lexer described in more detail in the section Lex Quickstart 2 - A better word counter using Spirit.Lex.

tenpl ate <typenanme Lexer>
struct word_count _tokens : |ex::|exer<Lexer>

{

wor d_count _t okens()

c(0), w0), 1(0)

,oword("[M \t\n]+") /| define tokens
, eol("\n")
,any(".")
{
using boost::spirit::lex::_start;
usi ng boost::spirit::lex::_end;
usi ng boost : : phoeni x: : ref
/'l associate tokens with the | exer
t hi s->sel f
= word [++ref(w), ref(c) += distance(_start, _end)]
| eol [++ref(c), ++ref(l)]
| any [++ref(c)]
}

std::size_t c, w |I|;
| ex::token_def <> word, eol, any;

}

The construct used to tokenize the given input, while discarding all generated tokens is a common application of the lexer. For this
reason Spirit.Lex exposes an APl functiont okeni ze() minimizing the code required:
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/'l Read input fromthe given file
std::string str (read_fromfile(l == argc ? "word_count.input" : argv[1]));

wor d_count _t okens<| exer _t ype> word_count _| exer;
std::string::iterator first = str.begin();

/'l Tokenize all the input, while discarding all generated tokens
bool r = tokenize(first, str.end(), word_count_| exer);

This code is completely equivalent to the more verbose version as shown in the section Lex Quickstart 2 - A better word counter
using Spirit.Lex. The function t okeni ze() will return either if the end of the input has been reached (in this case the return value
will bet rue), or if the lexer couldn't match any of the token definitionsin the input (in this case the return value will bef al se and
theiterator f i r st will point to the first not matched character in the input sequence).

The prototype of thisfunctioniis:

tenpl ate <typenane lterator, typenane Lexer>
bool tokenize(lterator& first, Iterator |ast, Lexer consté& |ex
typenane Lexer::char_type const* initial _state = 0);

where:

Iterator& first The beginning of the input sequence to tokenize. The value of thisiterator will be updated by
the lexer, pointing to the first not matched character of the input after the function returns.

Iterator last The end of the input sequence to tokenize.

Lexer const& lex The lexer instance to use for tokenization.

Lexer::char_typeconst* initial_state This optional parameter can be used to specify theinitial lexer state for tokenization.

A second overload of thet okeni ze() function allows specifying of any arbitrary function or function object to be called for each
of the generated tokens. For some applications thisis very useful, as it might avoid having lexer semantic actions. For an example
of how to use this function, please have alook at word_count_functor.cpp:

The main function simply loads the given file into memory (as ast d: : st ri ng), instantiates an instance of the token definition
template using the correct iterator type (wor d_count _t okens<char const*>), and finally calls| ex: : t okeni ze, passing an
instance of the counter function object. The return value of | ex: : t okeni ze() will bet r ue if the whole input sequence has been
successfully tokenized, and f al se otherwise.
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int main(int argc, char* argv[])

{

/'l these variables are used to count characters, words and |ines
std::size_t ¢c =0, w=20, | =0;
/'l read input fromthe given file
std::string str (read_fromfile(l == argc ? "word_count.input" : argv[1]));
/'l create the token definition instance needed to invoke the |exical analyzer
wor d_count _t okens<l ex: :l exertl::|lexer<> > word_count _functor;
/'l tokenize the given string, the bound functor gets invoked for each of
/'l the natched tokens
char const* first = str.c_str();
char const* last = & irst[str.size()];
bool r = lex::tokenize(first, last, word_count_functor,

boost:: bind(counter(), _1, boost::ref(c), boost::ref(w), boost::ref(l)));
/'l print results
if (r) {

std::cout << "lines: " << | << ", words: " << w

<< ", characters: " << ¢ << "\n";

}
el se {

std::string rest(first, last);

std::cout << "Lexical analysis failed\n" << "stopped at: \""

<< rest << "\"\n";
}
return O;
}

Here is the prototype of thist okeni ze() function overload:

tenpl ate <typenane Iterator, typename Lexer, typenane F>
bool tokenize(lterator& first, Iterator last, Lexer const& lex, F f
t ypename Lexer::char_type const* initial_state = 0);

where:

Iterator& first The beginning of the input sequence to tokenize. The value of thisiterator will be updated by
the lexer, pointing to the first not matched character of the input after the function returns.

Iterator last The end of the input sequence to tokenize.

Lexer const& lex The lexer instance to use for tokenization.

Ff A function or function object to be called for each matched token. This function is expected

to have the prototype: bool f (Lexer::token_type);. Thetokenize() function will
return immediately if F returns “false.

Lexer::char_typeconst* initial_state This optional parameter can be used to specify theinitial lexer state for tokenization.

Lexer Semantic Actions

The main task of alexer normally is to recognize tokensin the input. Traditionally this has been complemented with the possibility
to execute arbitrary code whenever a certain token has been detected. Spirit.Lex has been designed to support this mode of operation
aswell. We borrow from the concept of semantic actionsfor parsers (Spirit.Qi) and generators (Spirit.Karma). Lexer semantic actions
may be attached to any token definition. These are C++ functions or function objects that are called whenever a token definition
successfully recognizes a portion of the input. Say you have atoken definition D, and a C++ function f , you can make the lexer call
f whenever it matches an input by attaching f :

400

render

httpo://www.renderx.com/


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

Spirit 2.5.2

Dif]
The expression above linksf to the token definition, D. The required prototype of f is:

void f (lterator& start, Iterator& end, pass_flag& matched, |dtype& id, Contexté& ctx);

where;

Iterator& start Thisistheiterator pointing to the begin of the matched range in the underlying input sequence.
Thetype of theiterator isthe same as specified while defining the type of thel exert ! : : act -
or _| exer <. .. > (itsfirst template parameter). The semantic action is allowed to change the
value of thisiterator influencing, the matched input sequence.

Iterator& end Thisistheiterator pointing to the end of the matched range in the underlying input sequence.
Thetype of theiterator isthe same as specified while defining the type of thel exert! : : act -
or | exer<...> (itsfirst template parameter). The semantic action is allowed to change the
value of thisiterator influencing, the matched input sequence.

pass_fl ag& mat ched This value is prefinitialized to pass_nor mal . If the semantic action sets it to pass_fai |
this behaves asif the token has not been matched in thefirst place. If the semantic action sets
thisto pass_i gnor e the lexer ignores the current token and triesto match a next token from
the input.

I dtype& id Thisisthe token id of the type Idtype (most of the time thiswill beast d: : si ze_t ) for the
matched token. The semantic action isallowed to change the value of thistoken id, influencing
theif of the created token.

Cont ext & ctx Thisisareferenceto alexer specific, unspecified type, providing the context for the current
lexer state. It can be used to access different internal dataitems and is needed for lexer state
control from inside a semantic action.

When using a C++ function as the semantic action the following prototypes are allowed as well:

void f (lterator& start, Iterator& end, pass_flag& matched, Idtype& id);
void f (lterator& start, Iterator& end, pass_flag& matched);

void f (lterator& start, lterator& end);

void f ();

2 I mportant

In order to uselexer semantic actionsyou need to usetypel exert | : : act or _| exer <> asyour lexer class (instead
of thetypel exert| : : | exer <> asdescribed in earlier examples).

The context of a lexer semantic action

Thelast parameter passed to any lexer semantic action isareferenceto an unspecified type (seethe Cont ext typein thetable above).
Thistype is unspecified because it depends on the token type returned by the lexer. It isimplemented in the internals of the iterator
type exposed by the lexer. Nevertheless, any context type is expected to expose a couple of functions allowing to influence the beha-
vior of the lexer. The following table gives an overview and a short description of the available functionality.
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Table 8. Functions exposed by any context passed to a lexer semantic action

Name Description

Iterator const& get_eoi () const The function get _eoi () may be used by to access the end
iterator of the input stream the lexer has been initialized with

voi d nore() Thefunctionnor e() tellsthelexer that the next timeit matches
arule, the corresponding token should be appended onto the
current token value rather than replacing it.

Iterator const& less(lterator const&it, int n) Thefunctionless() returns an iterator positioned to the nth
input character beyond the current token start iterator (i.e. by
passing the return value to the parameter end it is possible to
return all but the first n characters of the current token back to
the input stream.

bool | ookahead(std::size t id) Thefunction| ookahead() canbeusedtoimplement lookahead
for lexer engines not supporting constructslikeflex' a/ b (match
a, but only when followed by b). It invokesthe lexer ontheinput
following the current token without actually moving forward in
the input stream. The function returns whether the lexer was
able to match atoken with the given token-id i d.

std::size_t get _state() const and void Thefunctionsget state() andset_state() may be used
set _state(std::size_t state) to introspect and change the current lexer state.

token_val ue_type get_value() const and void Thefunctionsget _val ue() andset_val ue() may be used
set _val ue(Val ue const &) to introspect and change the current token value.

Lexer Semantic Actions Using Phoenix

Evenif it is possible to write your own function object implementations (i.e. using Boost.Lambda or Boost.Bind), the preferred way
of defining lexer semantic actions isto use Boost.Phoenix. In this case you can access the parameters described above by using the
predefined Spirit placeholders:
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Table 9. Predefined Phoenix placeholdersfor lexer semantic actions

Placeholder

_start

_end

_pass

_tokenid

_val

_state

_eoi

Description

Refers to the iterator pointing to the beginning of the matched
input sequence. Any modifications to thisiterator value will be
reflected in the generated token.

Refersto the iterator pointing past the end of the matched input
sequence. Any modificationsto thisiterator value will bereflec-
ted in the generated token.

References the value signaling the outcome of the semantic ac-
tion. This is pre-initialized to
| ex::pass_flags::pass_normal . If this is set to
| ex:: pass_flags:: pass_fail, thelexer will behave as if
no token has been matched, if is set to
| ex:: pass_flags:: pass_i gnor e, thelexer will ignorethe
current match and proceed trying to match tokensfrom theinput.

Refers to the token id of the token to be generated. Any modi-
fications to this value will be reflected in the generated token.

Refersto the value the next token will be initialized from. Any
modifications to this value will be reflected in the generated
token.

Refers to the lexer state the input has been match in. Any
modifications to this value will be reflected in the lexer itself
(the next match will start in the new state). The currently gener-
ated token is not affected by changes to this variable.

Referencesthe end iterator of the overal lexer input. Thisvalue
cannot be changed.

The context object passed as the last parameter to any lexer semantic action is not directly accessible while using Boost.Phoenix
expressions. We rather provide predefined Phoenix functions allowing to invoke the different support functions as mentioned above.
The following table lists the available support functions and describes their functionality:
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Table 10. Support functions usable from Phoenix expressionsinside lexer semantic actions

Plain function Phoenix function Description

ctx. more() mor e() The function nor e() tells the lexer that
the next timeit matchesarule, the corres-
ponding token should be appended onto
the current token value rather than repla-
cing it.

ctx.less() l ess(n) The function | ess() takes a single in-
teger parameter n and returns an iterator
positioned to the nth input character bey-
ond the current token start iterator (i.e. by
assigning the return valueto the placehol d-
er _end it ispossibleto return all but the
first n characters of the current token back
to the input stream.

ct x. | ookahead() | ookahead(std::size_t) orl ooka- Thefunctionl ookahead() takesasingle
head(t oken_def) parameter specifying the token to match
intheinput. The function can be used for
instance to implement lookahead for lexer
engines not supporting constructs like
flex' a/ b (match a, but only when fol-
lowed by b). It invokes the lexer on the
input following the current token without
actually moving forward in the input
stream. The function returns whether the
lexer was able to match the specified
token.

The Static Lexer Model

The documentation of Spirit.Lex so far mostly was about describing the features of the dynamic model, where the tables needed for
lexical analysis are generated from the regular expressions at runtime. The big advantage of the dynamic model isits flexibility, and
its integration with the Spirit library and the C++ host language. Its big disadvantage is the need to spend additiona runtime to
generate the tables, which especially might be a limitation for larger lexical analyzers. The static model strives to build upon the
smooth integration with Spirit and C++, and reuses large parts of the Spirit.Lex library as described so far, while overcoming the
additional runtime requirements by using pre-generated tables and tokenizer routines. To make the code generation as simple as
possible, the static model reuses the token definition types devel oped for the dynamic model without any changes. Aswill be shown
in this section, building a code generator based on an existing token definition type is a matter of writing 3 lines of code.

Assuming you already built a dynamic lexer for your problem, there are two more steps needed to create a static lexical analyzer
using Spirit.Lex:

1. generating the C++ code for the static analyzer (including the tokenization function and corresponding tables), and
2. modifying the dynamic lexical analyzer to use the generated code.

Both steps are described in more detail in the two sections below (for the full source code used in this example see the code here:
the common token definition, the code generator, the generated code, and the static lexical analyzer).

But first we provide the code snippets needed to further understand the descriptions. Both, the definition of the used token identifier
and the of the token definition class in this example are put into a separate header file to make these available to the code generator
and the static lexical analyzer.
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enum t okeni ds

{
I

| DANY = boost::spirit::lex::mn_token_id + 1

Theimportant point hereis, that the token definition classis not different from a similar classto be used for adynamic lexical ana-
lyzer. The library has been designed in away, that all components (dynamic lexical analyzer, code generator, and static lexical ana-
lyzer) can reuse the very same token definition syntax.

/1 This token definition class can be used wi thout any change for all three
/'l possible use cases: a dynanmic |exical analyzer, a code generator, and a
/1 static |lexical analyzer

tenpl ate <typenane Baselexer >

struct word_count _tokens : boost::spirit::lex::|exer<BaselLexer>

{
wor d_count _t okens()
wor d_count _t okens: : base_t ype(
boost::spirit::lex::mtch_flags:: match_not_dot_new i ne)
/| define tokens and associate themw th the |exer
word = "[”~ \t\n]+"
this->self = word | "\n" | boost::spirit::lex::token_def<>(".", |DANY);
}
boost::spirit::lex::token_def<std::string> word
H

The only thing changing between the three different use casesisthe template parameter used to instantiate a concrete token definition.
For the dynamic model and the code generator you probably will usethel ex: : | exertl : : | exer <> template, where for the static
model you will usethel ex: : | exertl::static_| exer <> type asthe template parameter.

This example not only shows how to build a static lexer, but it additionally demonstrates how such alexer can be used for parsing
in conjunction with a Spirit.Qi grammar. For completeness, we provide the simple grammar used in this example. As you can see,
this grammar does not have any dependencies on the static lexical analyzer, and for this reason it is not different from a grammar
used either without alexer or using a dynamic lexical analyzer as described before.
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/1
/1
/1
/1

This is an ordinary granmar definition followi ng the rules defined by
Spirit.Q. There is nothing specific about it, except it gets the token
definition class instance passed to the constructor to allow accessing the
enbedded token_def <> instances.

tenpl ate <typenane Iterator>
struct word_count_grammar : qi::grammar<lterator>

{

tenpl ate <typenane TokenDef >
wor d_count _grammar ( TokenDef const & tok)
wor d_count _granmmar : : base_type(start)

c(0), w0), 1(0)

{
usi ng boost : : phoeni x: : ref
usi ng boost : : phoeni x: : si ze
/'l associate the defined tokens with the |lexer, at the sanme tine
/1 defining the actions to be executed
start = *( t ok. wor d [ ++ref(w), ref(c) += size(_1) |
| lit("\n") [ ++ref(l), ++ref(c) |
| gi ::token(IDANY) [ ++ref(c) |
)
}

std::size_t c, w |I|; /'l counter for characters, words, and lines
gi::rule<lterator> start;

Generating the Static Analyzer

The first additional step to perform in order to create a static lexical analyzer isto create a small stand alone program for creating
the lexer tables and the corresponding tokenization function. For this purpose the Spirit.Lex library exposes a special API - the
functiongener at e_st ati c_df a() . Itimplementsthe whole code generator, no further codeis needed. All what it takesto invoke
this function is to supply a token definition instance, an output stream to use to generate the code to, and an optional string to be
used as a suffix for the name of the generated function. All in all just a couple lines of code.

i nt

{

mai n(int argc, char* argv[])

/'l create the | exer object instance needed to invoke the generator
wor d_count _tokens<lex: :lexertl::lexer<> > word_count; // the token definition

/'l open the output file, where the generated tokenizer function wll be
/'l written to
std::of streamout(argc < 2 ? "word_count _static. hpp" : argv[1])

/'l invoke the generator, passing the token definition, the output stream

/'l and the name suffix of the tables and functions to be generated

/1

/'l The suffix "wc" used below results in a type lexertl::static_::lexer_wc
/1 to be generated, which needs to be passed as a tenplate paraneter to the
/'l lexertl::static_lexer tenplate (see word_count_static.cpp).

return lex::lexertl::generate_static_dfa(word_count, out, "w") ? 0 : -1

The shown code generator will generate output, which should be stored in afile for later inclusion into the static lexical analyzer as
shown in the next topic (the full generated code can be viewed here).

render
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S Note
The generated code will have compiled in the version number of the current Spirit.Lex library. This version number
isused at compilation time of your static lexer object to ensure thisis compiled using exactly the same version of
the Spirit.Lex library as the lexer tables have been generated with. If the versions do not match you will see an
compilation error mentioning ani nconpati bl e_stati c_| exer_versi on.

Modifying the Dynamic Analyzer

The second required step to convert an existing dynamic lexer into a static one isto change your main program at two places. First,
you need to change the type of the used lexer (that is the template parameter used while instantiating your token definition class).
While in the dynamic model we have been using the | ex: : l exertl :: | exer <> template, we now need to change that to the
lex::lexertl::static_| exer<>type The second changeistightly related to the first one and involves correcting the corres-
ponding #i ncl ude statement to:

#i ncl ude <boost/spirit/include/lex_static_lexertl.hpp>

Otherwise the main program is not different from an equivalent program using the dynamic model. This feature makes it easy to
develop the lexer in dynamic mode and to switch to the static mode after the code has been stabilized. The simple generator applic-
ation shown above enables the integration of the code generator into any existing build process. The following code snippet provides
the overall main function, highlighting the code to be changed.
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i nt

{

mai n(int argc, char* argv[])

/1 Define the token type to be used: 'std::string' is available as the type
/'l of the token val ue
typedef lex::lexertl::token<
char const*, boost::npl::vector<std::string>
> token_type

/1 Define the |exer type to be used as the base class for our token

/1 definition

I

/1 This is the only place where the code is different froman equival ent

/1 dynam c |exical analyzer. W use the “lexertl::static_|lexer<> instead of

/'l the “lexertl::lexer<>" as the base class for our token defintion type
I

/'l As we specified the suffix "wc" while generating the static tables we
/'l need to pass the type lexertl::static_::lexer_wc as the second tenplate

/1 paraneter bel ow (see word_count_generate. cpp).
typedef lex::lexertl::static_|lexer<

token_type, lex::lexertl::static_::lexer_wc
> | exer_type

/1 Define the iterator type exposed by the | exer
t ypedef word_count _t okens<l exer _type>::iterator_type iterator_type

/1 Now we use the types defined above to create the | exer and granmar
/'l object instances needed to invoke the parsing process.

wor d_count _t okens<| exer _type> word_count; /1l Qur |exer

wor d_count _grammar<iterator_type> g (word_count); /1l Qur parser

/! Read in the file into nenory.

std::string str (read_fromfile(l == argc ? "word_count.input" : argv[1]))
char const* first = str.c_str()

char const* last = &first[str.size()]

/1l Parsing is done based on the token stream not the character stream

bool r = lex::tokenize_and_parse(first, last, word_count, Q)
if (r) { /'l success
std::cout << "lines: " << g.l << ", words: " << g.w
<< ", characters: " << g.c << "\n";
}
el se {

std::string rest(first, last)
std::cerr << "Parsing failed\n" << "stopped at: \""
<< rest << "\"\n";

}

return O

2 I mportant

The generated code for the static lexer contains the token ids as they have been assigned, either explicitly by the
programmer or implicitly during lexer construction. It is your responsibility to make sure that al instances of a
particular static lexer type use exactly the same token ids. The constructor of the lexer object has a second (default)
parameter allowing it to designate a starting token id to be used while assigning the ids to the token definitions. The
requirement above isfulfilled by default aslongasnofi r st _i d isspecified during construction of the static lexer

instances.
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Quick Reference

This quick reference section is provided for convenience. You can use this section as a sort of a"cheat-sheet” on the most commonly
used Lex components. It is not intended to be complete, but should give you an easy way to recall a particular component without
having to dig through pages and pages of reference documentation.

Common Notation

Notation

L Lexer type

I, a, b, ¢, d Lexer objects

Iterator The type of an iterator referring to the underlying input sequence

| dType Thetokenid type

Cont ext The lexer components Cont ext type

ch Character-class specific character (See Character Class Types)

Ch Character-class specific character type (See Character Class Types)
str Character-class specific string (See Character Class Types)

Str Character-class specific string type (See Character Class Types)
Attrib An attribute type

fa A semantic action function with a signature: void f(lterator& Iteratorg,

pass_fl ag&, I|dtype& Context&).

Primitive Lexer Components

Expression Attribute Description

ch n/a Matchesch

char_(ch) n/a Matchesch

str n‘a Matches regular expression st r

string(str) n/a Matches regular expression st r

t oken_def <Attrib> Attrib Matches the immediate argument

al b n/a Matches any of the expressionsa or b

I[fa] Attribute of | Call semantic action f a (after matching
).

S Note
The column Attribute in the table above lists the parser attribute exposed by the lexer component if it is used as a
parser (seeAttribute). A 'n/a in this columns means the lexer component is not usable as a parser.
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Semantic Actions

Has the form:
I[f]
wheref isafunction with the signatures:

void f();

void f(lterator& Iterator&);

void f(lterator& Iterator& pass_flag&);

void f(lterator& Iterator& pass_flag& |1dtype&);

void f(lterator& Iterator& pass_flag& Idtype& Contexté&);

You can use Boost.Bind to bind member functions. For function objects, the allowed signatures are:

voi d operator () (unused_type, unused_type, unused_type, unused_type, unused_type) const;
voi d operator()(lterator& Iterator& unused_type, unused_type, unused_type) const;

voi d operator()(lterator& Iteratoré& pass_flag& unused_type, unused_type) const;

void operator()(lterator& Iterator& pass_flag& I|dtype& unused_type) const;

void operator()(lterator& Iterator& pass_flag& Idtype& Context&) const;

Theunused_t ype is used in the signatures above to signify 'don't care'.

For more information see L exer Semantic Actions.

Phoenix

Boost.Phoenix makes it easier to attach semantic actions. You just inline your lambda expressions:

| [ phoeni x- | anbda- expr essi on]

Spirit.Lex provides some Boost.Phoenix placeholders to access important information from the Cont ext that are otherwise difficult
to extract.

Spirit.Lex specific Phoenix placeholders

_start, _end Iterators pointing to the begin and the end of the matched input sequence.
_pass Assign| ex: : pass_fl ags: : pass_fail to_pass toforcethe current match to fail.
_tokenid The token id of the matched token.
_val The token value of the matched token.
_state The lexer state the token has been matched in.
_eoi Iterator referring to the current end of the input sequence.
Tip

All of the placeholdersin thelist above (except _eoi ) can be changed from theinside of the semantic action allowing
to modify the lexer behavior. They are defined in the namespace boost : : spirit:: | ex.

For more information see L exer Semantic Actions.
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Supported Regular Expressions
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Table 11. Regular expressions support

Expression

[xyz]

[ abj - 0Z]

["A-Z]

r*

r+
r+?

r?

r??

r{2, 5}
r{2,5}?
r{2,}
r{2,}?

r{4}

{ NAVE}
"[xyz]\"f 00"

\ X

\0

\ 123
\ x2a
\cX

\a

Meaning
Match any character x
Match any except newline (or optionally any character)

All characters taken as literals between double quotes, except
escape seguences

A character class; in this case matches x, y or z

A character classwith arangeinit; matchesa, b any letter from
j througho oraz

A negated character classi.e. any character but thosein the class.
In this case, any character except an uppercase letter

Zero or more r's (greedy), wherer is any regular expression
Zero or morer's (abstemious), wherer isany regular expression
One or morer's (greedy)

One or more r's (abstemious)

Zero or oner's (greedy), i.e. optional

Zero or oner's (abstemious), i.e. optional

Anywhere between two and five r's (greedy)

Anywhere between two and five r's (abstemious)

Two or morer's (greedy)

Two or more r's (abstemious)

Exactly four r's

The macro NAME (see below)
Theliteral string [ xyz]\ " f oo

If X isa, b, e,n,r,f,t,v thenthe ANSI-C interpretation of
\ x. Otherwise aliteral X (used to escape operators such as*)

A NUL character (ASCII code 0)

The character with octal value 123

The character with hexadecimal value 2a
A named control character X.

A shortcut for Alert (bell).

412

httpo://www.renderx.com/


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

render

Spirit 2.5.2

Expression
\'b
\e
\n
\r
\ f
\'t
\'v
\d
\D
\'s
\'S
\'w

\W

(r)

(?r-s:pattern)

rs

Ar

r$

Meaning

A shortcut for Backspace

A shortcut for ESC (escape character 0x1b)
A shortcut for newline

A shortcut for carriage return

A shortcut for form feed Ox0c

A shortcut for horizontal tab 0x09
A shortcut for vertical tab 0x0b

A shortcut for [ 0- 9]

A shortcut for [ 20- 9]

A shortcut for [\ x20\ t\ n\r\f\v]
A shortcut for [ A\ x20\ t\n\ r\ f\v]
A shortcut for [ a- zA- Z0-9_]

A shortcut for [ *a- zA- Z0- 9_]

Match an r ; parenthesis are used to override precedence (see
below)

apply option 'r' and omit option 's while interpreting pattern.
Options may be zero or more of the characters'i' or 's. 'i' means
case-insensitive. '-i' means case-sensitive. 's' alters the meaning
of the " syntax to match any single character whatsoever. '-s
alters the meaning of '." to match any character except '\ n'.

The regular expression r followed by the regular expression s
(asequence)

Either anr or and s

Anr but only at the beginning of aline (i.e. when just starting
to scan, or right after a newline has been scanned)

Anr but only at the end of aline (i.e. just before a newline)

S Note
POSIX character classesare not currently supported, dueto performance issueswhen creating them in wide character

mode.
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If you want to build tokensfor syntaxesthat recognizeitemslikequotes ("' *,' "' ) and backdash (\ ), hereisexample

syntax to get you started. Thelesson herereally isto remember that both c++, aswell as regular expressions require
escaping with\ for some constructs, which can cascade.

quot el ="' /1 match single """

guot e2 = "\ /1 match single """

literal _quotel = "\\'"; /1 match backsl ash followed by single """
literal _quote2 = "\\\\\\\""; /1 match backslash followed by single ""'
literal backslash = "\\\\\\\\": // match two backsl ashes

Regular Expression Precedence

* rs hashighest precedence

* r* hasnext highest (+, ?, {n, n} have the same precedence as*)
* r| s hasthe lowest precedence

Macros

Regular expressions can be given a name and referred to in rules using the syntax { NAME} where NAME is the name you have given
to the macro. A macro name can be at most 30 characters long and must start with a_ or aletter. Subsequent characters can be _,
-, aletter or adecimal digit.

Reference

Lexer Concepts

Sirit.Lex componentsfall into acouple of generalized concepts. The Lexer isthe most fundamental concept. All Spirit.Lex components
are models of the Lexer concept. PrimitiveLexer, UnaryLexer, and NaryLexer are all refinements of the Lexer concept.

The following sections provide details on these concepts.
Lexer
Description

The Lexer is the most fundamental concept. A Lexer has a member function, col | ect , that accepts a token definition container
Def , and a the name of the lexer state the token definitions of the lexer component need to be added to (a string). It doesn't return
anything (returntypeisvoi d). Each Lexer can represent aspecific pattern or algorithm, or it can be amore complex lexer component
formed as a composition of other Lexer's. Additionally, a Lexer exposes amember add_act i ons, that accepts the token definition
container Def , while returning nothing (again, the returned typeisvoi d).

Notation

| A Lexer.

L A Lexer type.

Def A token definition container type.

State A typeused to represent lexer state names.
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Valid Expressions

In the expressions below, the behavior of the lexer component, | , is left unspecified in the base Lexer concept. These are specified
in subsequent, more refined concepts and by the actual models thereof.

For any Lexer the following expressions must be valid:

Expression Semantics Return type

I.collect(def, state, target- Addalltokendefinitionsprovidedbythis void
st at e) Lexer instance to the lexer state st at e
of the token definition container def .
After matching this token, the lexer
should be switched into the statet ar get -
st at e (optional)

| . add_act i ons(def) Add all semantic actions provided by this voi d

Lexer instance to the token definition
container def .

Type Expressions

Expression Description

traits::is_|lexer<L>: :type Metafunction that evaluates to npl : : t rue_ if a certain type,
L is a Lexer, npl : : fal se_ otherwise (See MPL Boolean
Constant).

Postcondition

Upon return from 1 . col | ect the following post conditions should hold:

* Onreturn, def holdsall token definitions defined in the Lexer, | . Thisincludes all Lexer's contained insidel| .
Upon return from | . add_act i ons the following post conditions should hold:

* Onreturn, def holds all semantic actions correctly associated with the corresponding token definitions as defined in the Lexer,
| . Thisincludes all semantic actions defined by the Lexer's contained inside | .

Models

All lexer componentsin Spirit.Lex are models of the Lexer concept.

PrimitiveLexer

Description

Primitivelexer isthe most basic building block that the client uses to build more complex lexer components.
Refinement of

Lexer
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Type Expressions

Expression Description
traits::is_primtive_| exer<L>::type Metafunction that evaluates to npl : : t rue_ if a certain type,

L, is a PrimitiveLexer, npl : : f al se_ otherwise (See MPL
Boolean Constant).

Models

The following lexer components conform to this model:
 character literals (i.e.' x' ), char _,

 dtring literals ("abc" ), st d: : basi ¢c_string<>,string
FIXME Add more links to PrimitiveLexer models here.
UnaryLexer

Description

UnaryLexer is a composite lexer component that has a single subject. The UnaryLexer may change the behavior of its subject fol-
lowing the Delegate Design Pattern.

Refinement of

Lexer

Notation

I A UnaryLexer.

L A UnaryLexer type.
Valid Expressions

In addition to the requirements defined in Lexer , for any UnaryL exer the following must be met:

Expression Semantics Return type
| . subj ect Subject lexer component. Lexer

Type Expressions

Expression Description
L: : subj ect _t ype The subject lexer component type.
traits::is_unary_| exer<L>::type Metafunction that evaluates to npl : : t rue_ if a certain type,
LisaUnaryLexer,npl : : f al se_ otherwise (See MPL Boolean
Constant).
Invariants

For any UnaryLexer, L, the following invariant always holds:

e traits::is_|lexer<L::subject_type>::type evaluatestonpl ::true_
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Models

The following lexer components conform to this model:

* action lexer component (allowing to attach semantic actions)
FIXME Add more links to models of UnaryL exer concept
NaryLexer

Description

NaryLexer isacomposite lexer component that has one or more subjects. The NaryL exer allows its subjectsto be treated in the same
way as asingle instance of aLexer following the Composite Design Pattern.

Refinement of

Lexer

Notation

I A NaryLexer.

L A NaryLexer type.
Valid Expressions

In addition to the requirements defined in Lexer , for any NaryLexer the following must be met:

Expression Semantics Return type
|.el emrents The tuple of elements. A Boost.Fusion Sequenceof Lexer types.

Type Expressions

Expression Description
| .el ements_type Elements tuple type.
traits::is_nary |l exer<L>::type Metafunction that evaluates to npl : : t rue_ if a certain type,
L isaNaryLexer, npl : : fal se_ otherwise (See MPL Boolean
Constant).
Invariants

For each element, E, in any NaryL exer, L, the following invariant always holds:
e traits::is_| exer<BE>: :type evaluatestonpl ::true_

Models

The following lexer components conform to this model:

* lexer sequence component

FIXME Add more links to models of NaryL exer concept
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Basics

Examples

All sectionsin the reference present some real world examples. The examples use a common test harness to keep the example code
as minimal and direct to the point as possible. The test harnessis presented below.

Some includes:

#i ncl ude <boost/spirit/include/lex. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_core. hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <i ostreanr

#i ncl ude <string>

Our test functions:

This one tests token definitions.

Models

Predefined models include:

» any litera string, e.g. "Hello, World",
 apointer/reference to anull-terminated array of characters
e astd::basic_string<Char>

The namespace boost : : spirit::traits isopenfor usersto provide their own specializations.

Lexer API

Description

The library provides a couple of free functions to make using the lexer a snap. These functions have three forms. The first form,
t okeni ze, simplifies the usage of a stand alone lexer (without parsing). The second form, t okeni ze_and_par se, combines a
lexer step with parsing on the token level (without a skipper). Thethird, t okeni ze_and_phr ase_par se, works on the token level
as well, but additionally employs a skip parser. The latter two versions can take in attributes by reference that will hold the parsed
values on a successful parse.

Header

/1 forwards to <boost/spirit/hone/lex/tokenize_and_parse. hpp>
#i ncl ude <boost/spirit/include/l ex_tokenize_and_parse. hpp>

For variadic attributes:

/1 forwards to <boost/spirit/hone/lex/tokenize_and_parse_attr. hpp>
#i ncl ude <boost/spirit/include/lex_tokenize_and_parse_attr. hpp>

The variadic attributes version of the APl allows one or more attributes to be passed into the API functions. The functions taking
two or more attributes are usable when the parser expression is a Sequence only. In this case each of the attributes passed have to
match the corresponding part of the sequence.

Also, see Include Structure.
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Namespace

Name

boost::spirit::lex::tokenize
boost::spirit::lex::tokenize_and_parse
boost::spirit::lex::tokeni ze_and_phrase_parse
boost: :spirit::qi::skip_flag::postskip
boost::spirit::qgi::skip_flag::dont_postskip

Synopsis

Thet okeni ze function is one of the main lexer API functions. It simplifies using a lexer to tokenize a given input sequence. It's
main purpose isto use the lexer to tokenize all the input.

Both functionstake apair of iterators spanning the underlying input stream to scan, the lexer object (built from the token definitions),
and an (optional) functor being called for each of the generated tokens. If no function object f is given, the generated tokens will be
discarded.

The functions return t r ue if the scanning of the input succeeded (the given input sequence has been successfully matched by the
given token definitions).

Theargument f is expected to be afunction (callable) object taking a single argument of the token type and returning abool, indic-
ating whether the tokenization should be canceled. If it returnsf al se the functiont okeni ze will returnf al se aswell.

Theini tial _state argument forces lexing to start with the given lexer state. If thisis omitted lexing startsin the " I NI TI AL"
state.

tenpl ate <typenane lterator, typenane Lexer>
i nline bool
t okeni ze(
Iterator& first
Iterator |ast
Lexer const& | ex
typenane Lexer::char_type const* initial_state = 0);

tenpl ate <typenane lterator, typenane Lexer, typenane F>
i nline bool
t okeni ze(

Iterator& first

Iterator |ast

Lexer consté& | ex

F f

typenane Lexer::char_type const* initial_state = 0);

The t okeni ze_and_par se function is one of the main lexer API functions. It simplifies using a lexer as the underlying token
source while parsing a given input sequence.

Thefunctionstake apair of iterators spanning the underlying input stream to parse, the lexer object (built from the token definitions)
and a parser object (built from the parser grammar definition). Additionally they may take the attributes for the parser step.

Thefunction returnst r ue if the parsing succeeded (the given input sequence has been successfully matched by the given grammar).
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tenpl ate <typenane lterator, typenane Lexer, typenane ParserExpr>
i nline bool
t okeni ze_and_par se(
Iterator& first
, lterator |ast
, Lexer consté& | ex
, Parser Expr const & expr)

tenpl ate <typenane lterator, typenanme Lexer, typenanme ParserExpr
, typenane Attrl, typenane Attr2, ..., typenane AttrN>
i nline bool
t okeni ze_and_par se(
Iterator& first
, lterator |ast
, Lexer consté& | ex
, Parser Expr const & expr
Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);

Thefunctionst okeni ze_and_phr ase_par se takeapair of iterators spanning the underlying input stream to parse, thelexer object
(built from the token definitions) and a parser object (built from the parser grammar definition). The additional skipper parameter
will be used as the skip parser during the parsing process. Additionally they may take the attributes for the parser step.

Thefunction returnst r ue if the parsing succeeded (the given input sequence has been successfully matched by the given grammar).

tenpl ate <typenane Iterator, typenane Lexer, typenanme ParserExpr
, typenane Ski pper>
inline bool
t okeni ze_and_phrase_par se(
Iterator& first
, lterator |ast
, Lexer consté& | ex
, Parser Expr const& expr
, Ski pper const & ski pper
, BOOST_SCOPED_ENUM ski p_flag) post_skip = skip_flag:: postskip)

tenpl ate <typenane Iterator, typenane Lexer, typenanme Parser Expr

, typenane Skipper, typenanme Attrl, typenane Attr2, ..., typename AttrN>
i nline bool
t okeni ze_and_phrase_par se(

Iterator& first

, lterator |ast

, Lexer consté& | ex

, Parser Expr const& expr

, Ski pper const & ski pper

, Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);
tenpl ate <typenane lterator, typenanme Lexer, typenane ParserExpr

, typenane Skipper, typename Attrl, typenane Attr2, ..., typename AttrN>
inline bool

t okeni ze_and_phrase_par se(
Iterator& first
, lterator |ast
, Lexer consté& | ex
, Parser Expr const & expr
, Ski pper const & ski pper
, BOOST_SCOPED_ENUM ski p_flag) post_skip
Attrl const& attrl, Attr2 const& attr2, ..., AttrN const& attrN);

The maximum number of supported argumentsis limited by the preprocessor constant SPI RI T_ARGUMENTS_LI M T. This constant
defaults to the value defined by the preprocessor constant PHOENI X_LI M T (which in turn defaultsto 10).
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S Note
The variadic function with two or more attributes internally combine references to all passed attributesinto af u-
si on: : vect or and forward this as a combined attribute to the corresponding one attribute function.

The t okeni ze_and_phr ase_par se functions not taking an explicit ski p_f | ag as one of their arguments invoke the passed
skipper after a successful match of the parser expression. This can be inhibited by using the other versions of that function while
passing ski p_f | ag: : dont _post ski p to the corresponding argument.

Template parameters

Parameter Description

Iterator Forwar dl t er at or pointing to the underlying input sequence
to parse.

Lexer A lexer (token definition) object.

F A function object called for each generated token.

Par ser Expr An expression that can be converted to a Qi parser.

Ski pper Parser used to skip white spaces.

Attrl,Attr2,..,AttrN One or more attributes.

Token definition Primitives

This module includes different primitives allowing you to create token definitions. It includes char _, character literals, stri ng,
and string literals.

Module Headers

/1l forwards to <boost/spirit/home/lex/primtives. hpp>
#i ncl ude <boost/spirit/include/lex_primtives. hpp>

Also, see Include Structure.

Tokens Matching Single Characters
Description
The character based token definitions described in this section are:

The char _ creates token definitions matching single characters. The char _ token definition is associated st andar d encoding
namespace. This is needed when doing basic operations such as forcing lower or upper case and dealing with character ranges.

Header

Module Headers

/'l forwards to <boost/spirit/hone/lex/|exer/char_token_def.hpp>
#i ncl ude <boost/spirit/include/lex_char_token_def. hpp>

Also, see Include Structure.
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Namespace

Name

| ex::char_

Model of
PrimtivelLexer
Notation
ch Character-class specific character from st andar d character set.

Expression Semantics

Semantics of an expression is defined only where it differsfrom, or isnot defined in Pri mi t i veLexer .

Expression Description
ch Create a token definition matching the character literal ch.
| ex::char_(ch) Create a token definition matching the character ch.
Example
422

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

Spirit 2.5.2

Advanced
In Depth

Parsers in Depth

This section is not for the faint of heart. In here, are distilled the inner workings of Spirit.Qi parsers, using real code from the Spirit
library as examples. On the other hand, here is no reason to fear reading on, though. We tried to explain things step by step while
highlighting the important insights.

ThePar ser classisthe base classfor all parsers.

tenpl ate <typenane Derived>
struct parser

{
struct parser_id;
typedef Derived derived_type;
t ypedef qi::domain domain;
/'l Requirenment: p.parse(f, |, context, skip, attr) -> bool
I
Il p: a parser
/1 f, 1 first/last iterator pair
/'l context: encl osing rule context (can be unused_type)
/'l skip: ski pper (can be unused_type)
/Il attr: attribute (can be unused_type)
/1 Requirenment: p.what(context) -> info
I
Il p: a parser
/'l context: encl osing rule context (can be unused_type)
/'l Requirement: P::tenplate attribute<Ctx, Iter>::type
I
I P a parser type
/Il Ctx: A context type (can be unused_type)
Il lter: An iterator type (can be unused_type)
Derived const & derived() const
{
return *static_cast<Derived const*>(this);
}
b

ThePar ser classdoes not really know how to parse anything but instead relies on the template parameter Der i ved to do the actual
parsing. Thistechniqueis known as the " Curiously Recurring Template Pattern” in template meta-programming circles. Thisinher-
itance strategy gives us the power of polymorphism without the virtual function overhead. In essence this is a way to implement
compile time polymorphism.

The Derived parsers, Pri mi tivePar ser, Unar yPar ser, Bi naryPar ser and Nar yPar ser provide the necessary facilities for
parser detection, introspection, transformation and visitation.

Derived parsers must support the following:
bool parse(f, |, context, skip, attr)
f,l first/last iterator pair

context  enclosing rule context (can be unused_type)
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skip skipper (can be unused_type)
attr attribute (can be unused_type)

The parse is the main parser entry point. skipper can be an unused_t ype. It's atype used every where in Spirit to signify "don't-
care". There is an overload for skip for unused_t ype that is simply a no-op. That way, we do not have to write multiple parse
functions for phrase and character level parsing.

Here are the basic rules for parsing:
» The parser returnst r ue if successful, f al se otherwise.

 If successful, first isincremented N number of times, where N is the number of characters parsed. N can be zero --an empty
(epsilon) match.

* If successful, the parsed attribute is assigned to attr

 If unsuccessful, fi rst isreset to its position before entering the parser function. attr is untouched.

void what(context)
context  enclosing rule context (can be unused_t ype)

The what function should be obvious. It provides some information about “what” the parser is. It is used as adebugging aid, for ex-
ample.

P::template attribute<context>::type

P aparser type

context A context type (can be unused_type)

The attribute metafunction returns the expected attribute type of the parser. In some cases, thisis context dependent.

In this section, we will dissect two parser types:

Parsers

PrimitiveParser A parser for primitive data (e.g. integer parsing).

Unar yPar ser A parser that has single subject (e.g. kleene star).

Primitive Parsers

For our dissection study, we will use a Spirit primitive, the any_i nt _par ser inthe boost::spirit::qi namespace.
[primitive_parsers any_int_parser]

Theany_i nt _par ser isderivedfromaPri mi ti vePar ser <Der i ved>, whichinturnderivesfrompar ser <Der i ved>. Therefore,
it supports the following requirements:

» Thepar se member function
* Thewhat member function
* Thenested at t ri but e metafunction

parse isthe main entry point. For primitive parsers, our first thing to dois call:

gi::skip(first, last, skipper);
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to do a pre-skip. After pre-skipping, the parser proceeds to do its thing. The actual parsing code is placed in ext ract _i nt <T,
Radi x, MnDigits, MaxDigits>: :call(first, last, attr);

This simple no-frills protocol is one of the reasons why Spirit is fast. If you know the internals of Spirit.Classic and perhaps even
wrote some parsers with it, this simple Spirit mechanism is ajoy to work with. There are no scanners and all that crap.

The what function just tellsusthat it is an integer parser. Simple.

The attribute metafunction returnsthe T template parameter. We associatetheany_i nt _par ser to some placeholdersfor short _,
int_,long_andl ong_l ong types. But, first, we enable these placeholders in namespace boost::spirit:

tenplate <> // enables short_
struct use_terminal <gi::domain, tag::short_> : nmpl::true_ {};

tenplate <> // enables int_
struct use_terminal <qi::domain, tag::int_>: npl::true_ {};

template <> // enables |ong_
struct use_terminal <qi::domain, tag::long_> : npl::true_ {};

template <> // enables |ong_| ong
struct use_terminal <qi::domain, tag::long_long> : npl::true_ {};

Notice that any_i nt _par ser isplaced in the namespace boost::spirit::gi while these enablers are in namespace boost::spirit. The
reason isthat these placehol ders are shared by other Spirit domains. Spirit.Qi, the parser is one domain. Spirit.Karma, the generator
isanother domain. Other parser technol ogies may be devel oped and placed in yet another domain. Yet, all these can potentially share
the same placeholders for interoperability. The interpretation of these placeholders is domain-specific.

Now that we enabled the placeholders, we have to write generators for them. The make xxx stuff (in boost::spirit::qi namespace):

tenplate <
typename T
, unsigned Radix = 10
, unsigned MnDigits = 1
, int MaxDigits = -1>
struct make_int

{
typedef any_int_parser<T, Radix, MnDigits, MaxDigits> result_type;
result _type operator()(unused_type, unused_type) const
{
return result_type();
}
b

This one above is our main generator. It's a simple function object with 2 (unused) arguments. These arguments are
1. Theactual terminal value obtained by proto. In this case, either ashort_, int_, long_ or long_long. We don't care about this.

2. Modifiers. We also don't care about this. This allows directives such asno_case|[ p] to pass information to inner parser nodes.
WE'll see how that works later.

Now:

tenpl ate <typenane Mdifiers>
struct make_primtive<tag::short_, Mdifiers>
nmake_i nt <short> {};
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tenpl ate <typenane Mdifiers>
struct make_primtive<tag::int_, Mdifiers>
make_int<int> {};

tenpl ate <typenane Mdifiers>
struct make_primtive<tag::long_, Mdifiers>
make_i nt <l ong> {};

tenpl ate <typenane Mdifiers>
struct make_primtive<tag::long_long, Modifiers>
nmake_i nt <boost: :long_l ong_type> {};

These, specializeqi : make_pri mi ti ve for specific tags. They all inherit from make_i nt which does the actual work.
Composite Parsers

Let me present the kleene star (also in namespace spirit::qi):

tenpl ate <typenane Subject >
struct kleene : unary_parser <kl eene<Subj ect > >

{
t ypedef Subj ect subject_type;

tenpl ate <typenane Context, typenane |terator>
struct attribute

{
/1 Build a std::vector fromthe subject's attribute. Note
/1 that build_std_vector may return unused_type if the
/'l subject's attribute is an unused_type.
t ypedef typenane
traits::build_std_vector<
typenane traits::
attribute_of <Subject, Context, Iterator>::type
> type
type;
b

kl eene( Subj ect const & subject )
subj ect (subject_) {}

tenpl ate <typenane F>
bool parse_container(F f) const

while (!'f (subject))

return true,

}

tenpl ate <typenane Iterator, typenane Context
, typenane Skipper, typenane Attribute>
bool parse(lterator& first, Iterator const& | ast
, Context& context, Skipper consté& skipper
, Attribute& attr_) const
{
/'l ensure the attribute is actually a container type
traits::nmake_container(attr_);

typedef detail::fail_function<lterator, Context, Skipper>
fail _function;
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Iterator iter = first;
fail _function f(iter, last, context, skipper);
parse_cont ai ner (detail :: make_pass_container(f, attr_));

first = f.first;
return true;

}

tenpl ate <typenane Context >
i nfo what (Cont ext & context) const

{
}

return info("kleene", subject.what(context));

Subj ect subj ect;

Looks similar in form to its primitive cousin, thei nt _par ser . And, again, it has the same basic ingredients required by Der i ved.
* The nested attribute metafunction

» The parse member function

* Thewhat member function

kleene is a composite parser. It is a parser that composes another parser, its “subject”. It isaUnar yPar ser and subclasses from it.
LikePri mitiveParser, UnaryPar ser <Der i ved> derives from par ser <Der i ved>.

unary_parser<Derived>, has these expression requirements on Derived:

 p.subject -> subject parser (pisaUnar yPar ser parser.)

» P:subject_type -> subject parser type ( P isaUnar yPar ser type.)

parseisthe main parser entry point. Sincethisisnot aprimitive parser, wedonot needtocall gi : : ski p(first, Iast, skipper).
The subject, if it is a primitive, will do the pre-skip. If if it is another composite parser, it will eventually call a primitive parser
somewhere down the line which will do the pre-skip. This makes it alot more efficient than Spirit.Classic. Spirit.Classic puts the

skipping business into the so-called "scanner” which blindly attempts a pre-skip every time we increment the iterator.

What is the attribute of the kleene? In general, it isa st d: : vect or <T> where T is the attribute of the subject. There is a special
casethough. If Tisanunused_t ype, thenthe attribute of kleeneisalsounused_type.traits:: build_std_vector takescare
of that minor detail.

So, let's parse. First, we need to provide alocal attribute of for the subject:
typenane traits::attribute_of <Subject, Context>::type val;

traits::attribute_of <Subject, Context>simplycallsthesubject'sstruct attri bute<Cont ext >nested metafunction.
val starts out default initialized. Thisval isthe one we'll pass to the subject's parse function.

The kleene repeats indefinitely while the subject parser is successful. On each successful parse, we push_back the parsed attribute
to the kleene's attribute, which is expected to be, at the very least, compatible with ast d: : vect or . In other words, although we
say that we want our attribute to be ast d: : vect or, we try to be more lenient than that. The caller of kleene's parse may pass a
different attribute type. For aslong asit isaso aconforming STL container with push_back, we are ok. Here is the kleene loop:
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whil e (subject.parse(first, last, context, skipper, val))

{
/'l push the parsed value into our attribute
traits::push_back(attr, val);
traits::clear(val);

}

return true;
Take note that we didn't call attr.push_back(val). Instead, we called a Spirit provided function:
traits::push_back(attr, val);

Thisis arecurring pattern. The reason why we do it this way is because attr can be unused_t ype. traits:: push_back takes
care of that detail. The overload for unused_typeis ano-op. Now, you can imagine why Spirit is fast! The parsers are so simple and
the generated code is as efficient as ahand rolled loop. All these parser compositions and recursive parse invocations are extensively
inlined by amodern C++ compiler. In the end, you get atight loop when you use the kleene. No more excess baggage. If the attribute
is unused, then there is no code generated for that. That's how Spirit is designed.

The what function simply wraps the output of the subject in a"kleene"...
Ok, now, likethei nt _par ser, we have to hook our parser to the gi engine. Here's how we do it:

First, we enable the prefix star operator. In proto, it's called the "dereference”:

tenplate <>
struct use_operator<qi::domain, proto::tag::dereference> // enables *p

npl ::true_ {};

Thisisdonein namespaceboost : : spirit likeitsfriend, theuse_t er ni nal speciaizationfor ouri nt _par ser . Obviously, we
use use_operator to enable the dereference for the qi::domain.

Then, we need to write our generator (in namespace qi):

tenpl ate <typenane El enents, typenane Modifiers>
struct meke_conposite<proto::tag::dereference, Elenments, Mdifiers>
make_unary_conposi t e<El ements, kl eene>

0

This essentially says; for all expressions of the form: *p, to build a kleene parser. Elements is a Boost.Fusion sequence. For the
kleene, which is a unary operator, expect only one element in the sequence. That element is the subject of the kleene.

We still don't care about the Modifiers. We'll see how the modifiersis all about when we get to deep directives.

Customization of Spirit's Attribute Handling

Why do we need Attribute Customization Points

2 Im portant
Before you read on please be aware that the interfaces described in this section are not finalized and may changein
the future without attempting to be backwards compatible. We document the customi zation point interfaces anyways
as we think they are important. Understanding customization points helps understanding Spirit. Additionally they
prove to be powerful tools enabling full integration of the user's data structures with Qi's parsers and Karma's gen-
erators.
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Spirit has been written with extensibility in mind. It provides many different attribute customization points alowing to integrate
custom data types with the process of parsing in Spirit.Qi or output generation with Spirit.Karma. All attribute customization points
are exposed using a similar technique: full or partia template specialization. Spirit generally implements the main template,
providing a default implementation. You as the user have to provide a partial or full specialization of this template for the data types
you want to integrate with the library. In fact, the library uses these customization points itself for instance to handle the magic of
theunused_t ype attribute type.

Hereisan example showingthet rai ts: : cont ai ner _val ue customization point used by different parsers (such as Kleene, Plus,
etc.) to find the attribute type to be stored in a supplied STL container:

tenpl ate <typenane Contai ner, typenane Enable/* = void*/>
struct container_val ue
detail : : renpbve_val ue_const <t ypenane Cont ai ner: :val ue_t ype>

0

Thistemplateisinstantiated by thelibrary at the appropriate places while using the supplied contai ner type as the templ ate argument.
The embedded t ype is used as the attribute type while parsing the elements to be store in that container.

The following example shows the predefined specialization for unused_t ype:

tenpl ate <>
struct contai ner_val ue<unused_t ype>

{
}

t ypedef unused_type type

which definesits embedded t ype to beunused_t ype aswell, thisway propagating the 'don't care' attribute status to the embedded
parser.

All attribute customization points follow the same scheme. The last template parameter is awayst ypenane Enabl e = void al-
lowing to apply SFINAE for fine grained control over the template specialization process. But most of the time you can safely forget
about its existence.

The following sections will describe al customization points, together with a description which needs to be specialized for what
purpose.

The Usage of Customization Points

The different customizations points are used by different parts of the library. Part of the customizations points are used by both,
Soirit.Qi and Spirit.Karma, whereas others are specialized to be applied for one of the sub-libraries only. We will explain when a
specific customization point needs to be implemented and, equally important, which customization points need to be implemented
at the same time. Often it is not sufficient to provide a specialization for one single customization point only, in this case you as the
user have to provide all necessary customizations for your data type you want to integrate with the library.

Determine if a Type Should be Treated as a Container (Qi and Karma)

is_container

Thetemplatei s_cont ai ner isatemplate meta-function used as an attribute customization point. It isinvoked by the Qi Sequence
(>>) and Karma Sequence (<<) operatorsin order to determine whether a supplied attribute can potentially be treated as a container.

Header

#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.
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S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Container, typenane Enabl e>
struct is_container

{
I

<unspeci fi ed>;

Template parameters

Parameter Description Default

Cont ai ner Thetype, Cont ai ner which needstobe none
tested whether it has to be treated as a
container

Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izations of is_container utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sable_if).

Notation
C A typeto be tested whether it needs to be treated as a container.
T1, T2, ... Arbitrary types

Expression Semantics

Expression Semantics
i s_contai ner<C>: :type Result of the metafunction that evaluatesto npl : : true_ if a

given type, C, is to be treated as a container, npl : : f al se_
otherwise Generally, any implementation of i s_cont ai ner
needs to behave asif if wasaMPL Boolean Constant..

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
conditions for which the corresponding specializations will evaluateto npl : : t r ue_ (see MPL Boolean Constant):
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Template Parameters Semantics

T Returns npl : : true_ if T has the following embedded types
defined: val ue_t ype,iterator,size_type,andreference.
Otherwiseit will returnnpl : : fal se_.

boost: : opti onal <T> Returnsi s_cont ai ner <T>: : type

boost::variant<Tl, T2, ...> Returns npl : :true_ if at least one of the i s_cont ai n-
er <TN>: : type returnsnpl : : true_ (where TNisT1, T2, ...).
Otherwiseit will returnnpl : : fal se_.

unused_t ype Returnsnpl : : fal se_.

When to implement

The customization pointi s_cont ai ner needsto beimplemented for a specific type whenever thistypeisto be used as an attribute
in place of a STL container. It is applicable for parsers (Spirit.Qi) and generators (Spirit.Karma). As arule of thumb: it has to be
implemented whenever a certain type is to be passed as an attribute to a parser or a generator normally exposing a STL container, C
and if thetype doesnot exposetheinterface of aSTL container (i.e.i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_ ).
These components have an attribute propagation rule in the form:

a: A--> Op(a): vector<A>

where Op( a) standsfor any meaningful operation on the component a.
Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement
traits::container_val ue Needs to be implemented whenever i s_cont ai ner isimple-
mented.

traits::push_back_contai ner Qi: List, Kleene, Plus, Repeat.
traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::begin_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::end_container Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.
traits::deref_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::next_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::clear_val ue Qi: List, Kleene, Plus, Repeat.

Example

For examples of how to usethe customization pointi s_cont ai ner please see here: embedded_container_example, use_as container,
and counter_example.
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Determine if aType Should be Treated as a String (Qi and Karma)
is_string
Thei s_st ri ng customization point is atemplate meta-function. It isused by Qi String Literals(l i t (str)), Qi Character Literals

(lit(c)), Karma String Literals (1'i t (str)), Karma Character Literals (1t (c)) and other Spirit components. It determines
whether a supplied type can be treated as a string.

Module Headers

#i ncl ude <boost/spirit/hone/ support/string_traits. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane T>
struct is_string

{
I

<unspeci fi ed>;

Template parameters

Parameter Description Default
T Thetype, T which needsto betestedasa none
string

Notation

T An arbitrary type.

N An arbitrary integral constant.

Char A character type.

Traits A character traits type.

Al l ocator A standard alocator type.
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Expression Semantics

Expression Semantics
is_string<T>::type Result of the metafunction that evalutesto mpl::true_if agiven

type, T, is to be treated as a string and mpl::false  otherwise.
Generally, any implementation of i s_st ri ng needsto behave
asif if wasaMPL Boolean Constant.

Predefined Specializations

Type Semantics

T Returnsnpl : : f al se_.
T const Returnsi s_stri ng<T>.
char const* Returnsnpl : : true_.
wchar _t const* Returnsnpl : : true_.
char* Returnsnpl : : true_.
wchar _t* Returnsnpl : : true_.
char[N| Returnsnpl : : true_.
wehar _t[ N] Returnsnpl : : true_.
char const[N| Returnsnpl : : true_.
wchar _t const[N| Returnsnpl : : true_.
char (&I[N] Returnsnpl : : true_.
wechar _t (&[N Returnsnpl : : true_.
char const (&[N Returnsnpl : : true_.
wchar _t const (& [N] Returnsnpl : : true_.
std:: basic_string<Char, Traits, Allocator> Returnsnpl : : true_.

When to implement

This customization point needs to be implemented to use user-defined string classes that do not correspond to std::string syntax and
semantics.

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points need to be implemented as well.
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Name When to implement

traits::is_char For string types whose underlying character type is not char
orwchar _t,is_char must beimplemented.

traits::char_type of Whenever i s_st ri ng isimplemented.

traits::extract_c_string Whenever i s_st ri ng isimplemented.

Determine Whether a Component Handles Container Attributes (Qi and Karma)

handles_container

The template handl es_cont ai ner is atemplate meta-function used as an attribute customization point. It is invoked by the Qi
Sequence (>>) and Karma Sequence (<<) operatorsin order to determinewhether a sequence el ement (component) handles container
attributes directly. This customization point is invoked for container attributes only, and only if the sequence is compatible with the
supplied container attribute.

If a component, which is part of a sequence is able to handle a container attribute directly, the sequence passes the attribute to the
component without any additional action. In Spirit.Qi the component uses the attribute to directly store all matched attributes. In
Soirit.Karma the generator component extracts the attributes needed for output generation directly from this attribute.

If acomponent, which is part of asequenceis not able to handle container attributes, in Spirit.Qi the sequence passes a new instance
of the container attributes val ue_t ype to the parser component, inserting the result into the attribute on behalf of the parser com-
ponent. In Spirit.Karma the sequence extracts the next container element on behalf of the generator component and passing it the
extracted value.

Header

#i ncl ude <boost/spirit/home/ support/handl es_contai ner. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name
boost::spirit::traits
Synopsis

template <
t ypename Conponent, typenane Attribute, typenane Context,
typename lterator, typenane Enabl e>

struct handl es_cont ai ner

{
b

<unspeci fi ed>;
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Template parameters

Parameter Description Default

Conponent The component type Conponent which  none
needs to be tested whether it handles
container attributes directly.

Attribute The attribute type At t ri but e aspassed none
to the sequence operator.
Cont ext Thisisthetype of the current component unused_t ype

execution context.

Iterator The type, I terator is the type of the unused_type
iterators used to invoke the component.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of is_container utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).

Notation

Conponent A component type to be tested whether it directly handles container attributes in the context of sequences.
Attribute A container attribute type as passed to the sequence.

T1, T2, ... Arbitrary types

Expression Semantics

Expression Semantics

handl es_cont ai ner <Conponent, Attribute>::type Result of the metafunction that evaluatesto npl : : true_ if a
given component type Conponent , handles container attributes
directly, npl : : f al se_ otherwise. Generally, any implementa-
tion of handl es_cont ai ner needs to behave as if if was a
MPL Boolean Constant.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
conditions for which the corresponding specializations will evaluateto npl : : t r ue_ (see MPL Boolean Constant):

Template Parameters Semantics
Conponent , Attri bute Alwaysreturnsnpl : : f al se_ (the default).
rule<iterator, T1, T2, T3, T4> Attribute Returnsi s_cont ai ner <A>, where A is the attribute exposed

by the rule (Spirit.Qi and Spirit.Karma).

grammar<lterator, T1, T2, T3, T4> Attribute Returnsi s_cont ai ner <A>, where A is the attribute exposed
by the grammar (Spirit.Qi and Spirit.Karma).
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When to implement

The customization point handl es_cont ai ner needs to be implemented for a specific type whenever this type directly handles
container attributes. It is applicable for parsers (Spirit.Qi) and generators (Spirit.Karma). It will have to be implemented under rare
circumstances only.

Transform an Attribute to a Different Type (Qi and Karma)

transform_attribute

Thetemplatet r ansf orm at t ri but e isatype used as an attribute customization point. It isinvoked by Qi r ul e, semantic action
andattr_cast,andKarmar ul e, semanticactionandat t r _cast . It isused to automatically transform the user provided attribute
to the attribute type expected by the right hand side component (for r ul e), the semantic action, or the embedded component (for
attr_cast).

S Note
The interface of this customization point has been changed with Boost V1.44. We added the Domai n template
parameter to allow for more fine grained specializations for Spirit.Qi and Spirit.Karma.

Module Headers
#i ncl ude <boost/spirit/hone/ support/attributes. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Exposed, typenane Transfornmed, typename Dommi n, typenane Enabl e>
struct transformattribute

{
t ypedef <unspecified> type;
static type pre(Exposed& val);
static void post(Exposed& val, type attr); /1 Q only
static void fail (Exposed&); /1 Q only
b
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Template parameters

Parameter Description Default

Exposed Theattribute type supplied to thecompon-  none
ent which needs to be transformed.

Tr ansf or med The attribute type expected by the com- none
ponent to be provided as the result of the
transformation.

Donai n Thedomain of thesub library thetemplate  none
isinstantiated in. Typicaly thisis either
gi : : domai n or kar ma: : domai n.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izationsof t r ansf or m at t ri but e util-
izing SFINAE (i.e. boost : : enabl e_i f
or boost : : di sabl e_i f).

Notation

Exposed Thetype, Exposed isthe type of the attribute as passed in by the user.

Transfornmed  Thetype, Tr ansf or med isthetype of the attribute as passed a ong to the right hand side of ther ul e (embedded
component of att r _cast ).

Donai n The domain of the sub library the template is instantiated in. Typically this is either gi:: domain or
kar ma: : domai n.

exposed An instance of type Exposed.

transfornmed  Aninstance of type Tr ansf or med.

437

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

Spirit 2.5.2

Expression Semantics

Expression

transformattri but e<Exposed, Transformed, Do-

mai n>: :type

type transform attri but e<Exposed, TransO
formed, Donmai n>:: pre(exposed)

void transform attri but e<Exposed, TransO
formed, Dommi n>:: post(exposed, transfornmed)

void transform attri but e<Exposed, TransO
formed, Dommin>::fail (exposed)

Semantics

Evaluates to the type to be used as the result of the transforma-
tion (to be passed to the right hand side of the r ul e or to the
embedded component of theat t r _cast . Most of thetime this
isequal to Tr ansf or nmed, but in other casesthis might evaluate
to Tr ansf or ned& instead avoiding superfluous object creation.

Do pre-transformation before invoking the right hand side
component for rul e (or the embedded component for at -

tr_cast). This takes the attribute supplied as by the user (of
type Exposed) and returns the attribute to be passed down the
component hierarchy (of thetype as exposed by the metafunction
t ype). Thisfunction will be called in Qi and for Karma.

Do post -transformation after the invocation of the right hand
side component for r ul e (or the embedded component for at -

tr_cast ). Thistakes the original attribute as supplied by the
user and the attribute as returned from the right hand side (em-
bedded) component and is expected to propagate the result back
into the supplied attribute instance. This function will be called

in Qi only.

Handling failing parse operations of the right hand side compon-
ent for rul e (or the embedded component for attr_cast).
This function will be called in Qi only.
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Predefined Specializations

Template parameters Semantics

Exposed, Tr ansf or ned t ype evaluatesto Tr ansf or med, pr e() returnsanew instance
of Transf or med constructed from the argument of type Ex-
posed, post () assignst r ansf or med to exposed.

opti onal <Exposed>, Transforned, typenane dis- type evaluatesto Transforned&, pre() returns areference

abl e_i f <i s_sane<opti onal <Exposed>, Transformed> totheinstance of Tr ansf or med stored in the passed optional

> type (the argument of type opt i onal <Exposed>), the optional in-
stance isinitialized, if needed. post () does nothing, fai | ()
resetsthe optiona (its parameter) instance to the non-initialized
state.

Exposed&, Tr ansf or med t ype evaluatesto Tr ansf or med, pr e() returnsanew instance
of Transf or med constructed from the argument of type Ex-
posed, post () assignst r ansf or med to exposed.

Attrib& Attrib type evaluates to Attrib&, pre() returns it's argument,
post () does nothing.

Exposed const, Transf or med (usindinKarmaonly) t ype evaluatesto Tr ansf or med, pr e()
returnsit's argument, post () isnot implemented.

Attrib const&Attrib (usind in Karma only) type evaluatesto Attrib const&,
pre() returnsit'sargument, post () isnot implemented.

Attrib const,Attrib (usind in Karma only) type evaluatesto Attri b const &,
pre() returnsit'sargument, post () isnot implemented.

unused_type, Attrib t ype evaluatestounused_t ype, pre() andpost () do noth-
ing.

Attrib,unused_type t ype evaluatestounused_t ype, pre() andpost () do noth-
ing.

When to implement

The customization point t r ansf or m at t ri but e needs to be implemented for a specific pair of types whenever the attribute type
suppliedtoarul e orattr_cast cannot automatically transformed to the attribute type expected by the right hand side of ther ul e
(embedded component of theat t r _cast ) because the default implementation as shown above is not applicable. Examplesfor this
could be that the type Tr ansf or ned is not constructible from the type Exposed.

Store a Parsed Attribute Value (Qi)

After parsing input and generating an attribute value this value needs to assigned to the attribute instance provided by the user. The
customization pointsassi gn_to_attribute_fromiteratorsandassign_to_attribute_from val ue areutilizedtoadapt
this assignment to the concrete type to be assigned. This section describes both.

Store an Attribute after a Parser Produced a Pair of Iterators (Qi)
assign_to_attribute from_iterators

The template assi gn_to_attribute_from.iterators isatype used as an attribute customization point. It isinvoked by the
those Qi parsers not producing any attribute value but returning apair of iterators pointing to the matched input sequence. It is used
to either storetheiterator pair into the attribute instance provided by the user or to convert theiterator pair into an attribute as provided
by the user.
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Module Headers

#i ncl ude <boost/spirit/hone/qi/detail/assign_to. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Attrib, typenane Iterator, typenane Enabl e>
struct assign_to_attribute fromiterators

{
I

static void call(lterator const& first, Iterator const& last, Attrib& attr);

Template parameters

Parameter Description Default

Attrib Thetype, At t ri b isthetypeof theattrib- none
ute as passed in by the user.

Iterator The type, I terator is the type of the none
iterators as produced by the parser.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of assign_to_attrib-
ut e_f rom val ue utilizing SFINAE (i.e.
boost::enable if or boost::dis-

able_if).
Notation
Attrib A typeto be used as the target to store the attribute value in.
attr An attribute instance of type At tri b.
Iterator Theiterator type used by the parser. This type usually corresponds to the iterators as passed in by the user.
begi n, end Iterator instances of type | t er at or pointing to the begin and the end of the matched input sequence.
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Expression Semantics

Expression Semantics

assign to_attribute from.iterators<At [ Usetheiteratorsbegi n and end toinitializetheattributeat t r .

trib, lterator>::call(b, e, attr)

Predefined Specializations

Template Parameters Semantics
Attrib,lterator Execute an assignmentattr = Attrib(begin, end).
unused_type, T Do nothing.

When to implement

The customization point assi gn_to_attri bute_from.iterat ors needsto be implemented for a specific type whenever the
default implementation as shown above is not applicable. Examples for this could be that the type At t ri b is not constructible from
the pair of iterators.

Store an Attribute Value after a Parser Produced a Value (Qi)

assign_to_attribute_from_value

Thetemplateassi gn_to_attri bute_from val ue isatypeused asan attribute customization point. It isinvoked by all primitive
Qi parsersin order to store a parsed attribute value into the attribute instance provided by the user, if this attribute is not a container

type (i s_cont ai ner <T>: : t ype evaluatestonpl : : f al se_, where T is the attribute type).

Module Headers
#i ncl ude <boost/spirit/hone/qi/detail/assign_to. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Attrib, typenane T, typename Enabl e>
struct assign_to_attribute_fromval ue

{
I

static void call (T const& val, Attrib& attr);
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Template parameters

Parameter Description Default

Attrib Thetype, At tri b isthetypeof theattrib- none
ute as passed in by the user. Thistypeis
not acontainer type(i s_cont ai ner <At -

trib>: :type evaluates to
mpl :: fal se_).
T Thetype, T isthetype of the attributein-  none

stance as produced by the parser.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of assign_to_attrib-
ut e_f rom val ue utilizing SFINAE (i.e.
boost::enable_ if or boost::dis-
able_if).

Notation

Attrib A type to be used as the target to store the attribute value in. This type is guaranteed not to be a container type
(is_container<Attrib>::type evaluatestonpl : : fal se_).

attr An attribute instance of type At tri b.
T A type as produced by the parser. The parser temporarily stores its parsed values using this type.
t An attribute instance of type T.

Expression Semantics

Expression Semantics

assign to_attribute from val ue<At [ Copy (assign) thevaluet totheattributeat tr.

trib, T>::call(t, attr)

Predefined Specializations

Template Parameters Semantics
Attrib, T Assigntheargumentt toattr.
unused_type, T Do nothing.

When to implement

The customization point assi gn_t o_at tri but e_from val ue needsto beimplemented for a specific type whenever the default
implementation as shown above is not applicable. Examples for this could be that thetype At t ri b is not copy constructible.
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Store an Attribute Value into a Container after a Parser Produced a Value (Qi)
assign_to_container_from_value

Thetemplateassi gn_t o_cont ai ner _f r om val ue isatype used asan attribute customization point. It isinvoked by all primitive
Qi parsersin order to store a parsed attribute value into the attribute instance provided by the user, if this attribute is a container type
(i s_cont ai ner <T>: : t ype evaluatesto npl : : t rue_, where T isthe attribute type).

Module Headers

#i ncl ude <boost/spirit/hone/qi/detail/assign_to. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Attrib, typenane T, typenane Enabl e>
struct assign_to_container_fromval ue

{
I

static void call (T const& val, Attrib& attr);

Template parameters

Parameter Description Default

Attrib Thetype, At tri b isthetypeof theattrib- none
ute as passed in by the user. Thistypeis
a container type (i s_cont ai ner <At -

trib>: :type evaluates to
mpl::true_).
T Thetype, T isthetype of the attributein-  none

stance as produced by the parser.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of assign_to_contain-
er _f rom val ue utilizing SFINAE (i.e.
boost::enable_ if or boost::dis-
able_if).
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Notation

Attrib A typetobeused asthetarget to storethe attribute valuein. Thistypeisguaranteed to be acontainer type (i s_cont ai n-
er<Attrib>::type evauatestonpl ::true_).

attr An attribute instance of type At tri b.
T A type as produced by the parser. The parser temporarily stores its parsed values using this type.
t An attribute instance of typeT.

Expression Semantics

Expression Semantics

) ) Add thevaluet tothe container attributeat tr.
assign_to_container_fromval ue<At

trib, T>::call(t, attr)

Predefined Specializations

Template Parameters Semantics
Attrib, T Addtheargumentt toattr.
unused_type, T Do nothing.

When to implement

The customization point assi gn_t o_cont ai ner _from val ue needsto be implemented for a specific type whenever the default
implementation as shown above is not applicable. Examples for this could be that thetype At t ri b is not copy constructible.

Store Parsed Attribute Values into a Container (Qi)

In order to customize Spirit to accept a given data type as a container for elements parsed by any of the repetitive parsers (Kleene,
Plus, List, and Repeat) two attribute customization points have to be specialized: traits::container_val ue and
traits::push_back_contai ner. This section describes both.

Determine the Type to be Stored in a Container (Qi)

container_value

Thetemplate cont ai ner _val ue isatemplate metafunction used as an attribute customization point. It isinvoked by the Qi repet-
itive parsers (Kleene, Plus, List, and Repeat) to determine the type to store in a container.

Module Headers

#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.
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Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Container, typenane Enabl e>
struct container_val ue

{
I

t ypedef <unspecified> type;

Template parameters

Parameter Description Default
Cont ai ner The type Cont ai ner is the type for none
which the type f the elements has to be
deduced.
Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izations of cont ai ner _val ue utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).
C A typeto be tested whether it needs to be treated as a container.
T1, T2, ... Arbitrary types

Expression Semantics

Expression Semantics
cont ai ner _val ue<C>: : type Metafunction that evaluates to the type to be stored in a given

container type, C.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:

Template Parameters Semantics

C The non-const val ue_t ype of the given container type, C.
boost: : optional <C Returnscont ai ner _val ue<C>: : type
boost::variant<T1, T2, ...> Returnscont ai ner _val ue<TN>: : val ue for thefirst TN (out

of T1,T2,...) forwhichi s_cont ai ner <TN>: : t ype evaluates
tonpl : : true_. Otherwiseit will return unused_t ype.

unused_t ype Returnsunused_t ype.
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When to implement

The customization pointi s_cont ai ner needsto beimplemented for a specific type whenever thistypeisto be used as an attribute
in place of a STL container. It is applicable for parsers (Sirit.Qi) only. As arule of thumb: it has to be implemented whenever a
certain typeisto be passed as an attribute to a parser normally exposing aSTL container and if the type does not expose the interface
of aSTL container (i.e. no embedded typedef for val ue_t ype). These components have an attribute propagation rule in the form:

a: A--> Op(a): vector<A>
where Op( a) stands for any meaningful operation on the component a.

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::push_back_contai ner Qi: List, Kleene, Plus, Repeat.

traits::clear_val ue Qi: List, Kleene, Plus, Repeat.
Example

Here is an example showing the default implementation of thet r ai t s: : cont ai ner _val ue customization point provided by the
library:

tenpl ate <typenane Contai ner, typenane Enable/* = void*/>
struct container_val ue
detail :: renove_val ue_const <t ypenane Contai ner: :val ue_type>

0

Thistemplateisinstantiated by thelibrary at the appropriate places while using the supplied contai ner type as the template argument.
The embedded t ype is used as the attribute type while parsing the elements to be store in that container.

The following example shows the predefined speciaization for unused_t ype:

tenpl ate <>
struct container_val ue<unused_t ype>

{
b

t ypedef unused_type type;

which definesits embedded t ype to beunused_t ype aswell, thisway propagating the 'don’t care' attribute status to the embedded
parser.

Store a Parsed Attribute Value into a Container (Qi)
push_back_container

The template push_back_cont ai ner isatype used as an attribute customization point. It is invoked by the Qi repetitive parsers
(Kleene, Plus, List, and Repeat) to store a parsed attribute value into a container.

Module Headers
#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.
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K

Namespace

Name

Note

This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

boost::spirit::traits

Synopsis

tenpl ate <typenane Container, typenane Attrib, typenane Enabl e>
struct push_back_cont ai ner

{

static bool call(Container& c, Attrib const& val);

I

Template parameters

Parameter

Cont ai ner

Attrib

Enabl e

Notation

C

attr

T1,T2, ..

Description Default

Thetype, Cont ai ner needsto betested none
whether it hasto be treated as a container

The type, Attrib is the one returned none
from the  customization point
traits::container_val ue andrepres
entsthe attribute value to be stored in the
container of type Cont ai ner .

Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izationsof push_back_cont ai ner util-

izing SFINAE (i.e. boost : : enabl e_i f

or boost : : di sabl e_i f).

A typeto be used as a container to store attribute valuesin.
A container instance of type C.

[Attrib

A typeto be used as a container to store attribute valuesin.
An attribute instance of type At tri b.

Arbitrary types

render
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Expression Semantics

Expression Semantics

Static function that isinvoked whenever an attribute value, at t r
needs to be stored into the container instance c. This function
shouldreturnt r ue onsuccessandf al se otherwise. Returning
f al se causesthe corresponding parser to fail.

push_back_cont ai ner<C, Attrib>::call(c, attr)

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:

Template Parameters Semantics

CAttrib Store the provided attribute instance at t r into the given con-
tainer ¢ using thefunctioncall c. i nsert (c. end(), attr).

boost:: optional <C, Attrib If the provided instance of boost : : opt i onal <>isnotinitial-
ized, invoke the appropriate initialization and afterwards apply
thecustomization point push_back_cont ai ner <C, Attri b>,
treating the instance held by the optiona (of type C) as the
container to store the attribute in.

boost::variant<Tl, T2, ...>Attrib If theinstance of the variant currently holds avalue with atype,
TN, for which is_container<TN>::type evauates to
npl : : t rue_, thiscustomization point specialization will apply
push_back_cont ai ner<TN, Attri b>,treatingtheinstance
held by the variant (of type TN) as the container to store the at-
tribute in. Otherwise it will raise an assertion.

unused_t ype Do nothing.

When to Implement

The customization point push_back_cont ai ner needs to be implemented for a specific type whenever this type is to be used as
an attribute in place of a STL container. It is applicable for parsers (Spirit.Qi) only. As arule of thumb: it has to be implemented
whenever a certain typeisto be passed as an attribute to a parser normally exposing a STL container and if the type does not expose
the interface of a STL container (i.e. no function being equivalenttoc. i nsert (c. end(), attr).Thesecomponentshave an at-
tribute propagation rule in the form:

a: A--> Op(a): vector<A>

where Op(a) standsfor any meaningful operation on the component a.
Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::container_val ue Qi: List, Kleene, Plus, Repeat.

traits::clear_val ue Qi: List, Kleene, Plus, Repeat.
448
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Example

Here is an example showing the default implementation of thet r ai t s: : cont ai ner _val ue customization point provided by the
library:

tenmpl ate <typenane Container, typenane T, typenane Enable/* = void*/>
struct push_back_cont ai ner

{
static bool call(Container& ¢, T const& val)
{
c.insert(c.end(), val);
return true
}
s

This template is instantiated by the library at the appropriate places while using the supplied container and element types as the
template arguments. The member function cal | () will be called whenever an element has to be added to the supplied container

The following example shows the predefined specialization for unused_t ype:

tenpl ate <typenane Contai ner >
bool push_back( Cont ai ner &, unused_type)

{
}

return true;

which defines an empty member functioncal | ().

Re-Initialize an Attribute Value before Parsing (Qi)

clear_value

The template cl ear _val ue isatype used as an attribute customization point. It is invoked by the Qi repetitive parsers (Kleene,
Plus, List, and Repeat) in order to re-initialize the attribute instance passed to the embedded parser after it has been stored in the
provided container. Thisre-initialized attribute instance is reused during the next iteration of the repetitive parser.

Module Headers
#i ncl ude <boost/spirit/hone/ support/attributes. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Attrib, typenane Enabl e>
struct cl ear_val ue

{
I

static void call (Attrib& val);

Template parameters

Parameter Description Default

Attrib The type, Attri b of the attribute to be none
re-initialized.

Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izations of clear_val ue utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).

Notation

Attrib A typeto be used as a container to store attribute valuesin.
attr An attribute instance of type At tri b.

T1, T2, .. Arbitrary types

Expression Semantics

Expression Semantics

Re-initialize the instance referred to by at t r in the most effi-

clear_value<Attrib> :call (Attrib& attr) .
cient way.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:

450

render
httpo://www.renderx.com/


http://boost-spirit.com
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Spirit 2.5.2

Template Parameters Semantics
Attrib Re-initialize using assignment of default constructed value.

Any typeT forwhichi s_cont ai ner <>: : typeisnpl : : true_ Call themember functionattr. cl ear () for the passed attrib-

ute instance.

boost : : optional <Attrib> Clear the opt i onal instance and leave it uninitialized.

boost::variant<Tl, T2, ...> Invokethecl ear _val ue customization point for the currently
held value.

fusion::tuple<Tl, T2, ...> Invokethecl ear _val ue customization point for all elements
of the tuple.

unused_t ype Do nothing.

When to Implement

The customization point cl ear _val ue needs to be implemented for a specific type whenever thistypeisto be used as an attribute
to be stored into a STL container and if the type cannot be re-initialized using one of the specializations listed above. Examples for
this might be types not being default constructible or container types not exposing a member function cl ear () .

Extract an Attribute Value to Generate Output (Karma)
extract_from

Before generating output for avalue this value needs to extracted from the attribute instance provided by the user. The customization
point ext ract _from attri but e isutilized to adapt this extraction for any data type possibly used to store the values to output.

S Note
The interface of this customization point has been changed with Boost V1.44. We added the Exposed template
parameter to allow for more fine grained specializations of the required Spirit.Karma attribute transformations.

Module Headers
#i ncl ude <boost/spirit/hone/ karma/detail/extract_from hpp>

Also, see Include Structure.

@ Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Exposed, typenanme Attrib, typenane Enabl e>
struct extract _fromattribute

{

t ypedef <unspecified> type;

tenpl ate <typenanme Context>

static type call (Attrib const& attr, Context& context);
b

Template parameters

Parameter Description Default

Exposed The type, Exposed of the attribute natively exposed by none
the component the extract _fromattribute isin-
voked from.

Attrib Thetype, Attri b of the attribute to be used to generate  none
output from.

Enabl e Helper template parameter usableto selectively enableor voi d

disable certain specializations of cl ear _val ue utilizing
SFINAE (i.e. boost::enable_if or boost::dis-
able_if).

Cont ext Thisisthetype of the current generator execution context.

Notation

Exposed A type exposed asthe native attribute of a component.
Attrib A typeto be used to generate output from.

attr An attribute instance of type At tri b.

ctx An instance of type Cont ext .

Expression Semantics

Expression Semantics

Extract the value to generate output from at t r and return it to

extract from attri bute<Exposed, At
— Tom P the caller.

trib>:call(attr, ctx)

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:
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Template Parameters Semantics

Attrib The exposed typedef t ype isdefinedtoAttri b const & The
function cal | () returns the argument by reference without
change.

boost:: optional <Attrib> The exposed typedef t ype isdefinedtoAttri b const & The

function cal | () returns the value held by the opt i onal <>
argument by reference without change.

boost : : ref erence_w apper<Attri b> The exposed typedef t ype isdefinedtoAttri b const & The
functioncal | () returnsthevalueheld by ther ef er ence_wr ap-
per <> argument by reference without change.

unused_t ype The exposed typedef t ype is defined to unused_t ype. The
function cal | () returns aninstance of unused_t ype.

When to implement

The customization point ext ract _from at tri but e needsto beimplemented for a specific type whenever the default implement-
ation as shown above is not applicable. Examples for this could be that the type to be extracted is different from At t ri b and is not
copy constructible.

Extract From a Container Attribute Value to Generate Output (Karma)

extract_from_container

Before generating output for avalue this value needs to extracted from the attribute instance provided by the user. The customization
point ext r act _from cont ai ner is utilized to adapt this extraction for any data type possibly used to store the values to output.

S Note
The interface of this customization point has been changed with Boost V1.44. We added the Exposed template
parameter to allow for more fine grained specializations of the required Spirit.Karma attribute transformations.

Module Headers
#i ncl ude <boost/spirit/hone/ karma/detail/extract_from hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Exposed, typenanme Attrib, typenane Enabl e>
struct extract_from contai ner

{

t ypedef <unspecified> type;

tenpl ate <typenanme Context>

static type call (Attrib const& attr, Context& context);
b

Template parameters

Parameter Description Default

Exposed The type, Exposed of the attribute natively exposed by none
the component the extract _from cont ai ner isin-
voked from.

Attrib Thetype, At tri b isthe container attribute to beusedto none
generate output from.

Enabl e Helper template parameter usableto selectively enableor voi d

disable certain specializations of cl ear _val ue utilizing
SFINAE (i.e. boost::enable_if or boost::dis-

able_if).
Cont ext Thisisthetype of the current generator execution context.
Notation
Notation

Exposed A type exposed asthe native attribute of a component.
Attrib A container type to be used to generate output from.
attr An attribute instance of type At tri b.

ctx An instance of type Cont ext .

Expression Semantics

Expression Semantics

Extract the value to generate output from the contaner given by

extract from contai ner<Exposed, At0O .
- - P at tr and return it to the caller.

trib>:call(attr, ctx)

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:
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Template Parameters Value

Attrib The exposed typedef t ype isdefinedtoAttri b const & The
function cal | () returns the argument by reference without
change.

unused_type The exposed typedef t ype is defined to unused_t ype. The

function cal | () returns aninstance of unused_t ype.

When to implement

The customization point ext ract _f r om cont ai ner needs to be implemented for a specific container type whenever the default
implementation as shown above is not applicable. Examples for this could be that the type to be extracted is different from At tri b
and is not copy constructible.

Example

TBD

Extract Attribute Values to Generate Output from a Container (Karma)

Determine the Type of the Iterator of a Container
container_iterator

The template cont ai ner _i t er at or is a template meta-function used as an attribute customization point. It is invoked by the
Karma repetitive generators (such as List (%9, Kleene (unary *), Plus (unary +), and Repeat) in order to determine the type of the
iterator to use to iterate over the itemsto be exposed as the elements of a container.

Module Headers

#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Container, typenane Enabl e>
struct container_iterator

{
I

t ypedef <unspecified> type;
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Template parameters

Parameter Description Default

Cont ai ner Thetype, Cont ai ner for whichtheiter- none
ator type has to be returned

Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izationsof cont ai ner _i t er at or utiliz-
ing SFINAE (i.e. boost::enable_if
or boost : : di sabl e_i f).

Notation

C A container type the iterator type needs to be evaluated for.

Expression Semantics

Expression Semantics
cont ai ner_iterator<C>: :type Result of the metafunction that evaluates the type to be used as

the iterator for accessing all elements of a container, C.

The returned type conceptually needs to be equivalent to a standard forward iterator. But it does not have to expose the standardized
interface. If this customization point is implemented for a certain container type, al related customization points need to be imple-
mented as well (see Related Attribute Customization Points below). This encapsulates the specific iterator interface required for a
given type. The minimal requirements for atype to be exposed as an iterator in this context are:

* it needsto be comparable for equality (seetraits:: conpare_iterators),
* it needsto beincrementable (seetraits:: next_iterator),

* it needsto be dereferencible (seetraits: :deref _iterator).

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types returned by the embedded typedef t ype:

Template Parameters Semantics

C ReturnsC: :iterator.

C const ReturnsC: : const _iterator.
unused_t ype Returnsunused_t ype const *.

When to implement

The customization point cont ai ner _i t er at or needsto be implemented for a specific type whenever thistypeisto be used asan
attribute in place of a STL container. It is applicable for generators (Spirit.Karma) only. Asarule of thumb: it hasto beimplemented
whenever a certain type isto be passed as an attribute to a generator normally exposing a STL container, C and if the type does not
expose the interface of a STL container (i.e. i s_cont ai ner <C>: : t ype would normally return npl : : f al se_).
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Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::is_container Needs to be implemented whenever a type is to be used as a
container attribute in Karma.

traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::begin_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::end_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::deref_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::next_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Example

Here are the header files needed to make the example code below compile:

#i ncl ude <boost/spirit/include/karma. hpp>
#i ncl ude <i ostreanr
#i ncl ude <vector>

The example (for the full source code please see here: customize_embedded container.cpp) uses the data structure

namespace client

{
struct enbedded_cont ai ner
{
/'l expose the iterator of the enbedded vector as our iterator
typedef std::vector<int>: :const_iterator iterator;
/'l expose the type of the held data el ements as our type
typedef std::vector<int>::value_type type;
/1 this is the vector holding the actual elenents we need to generate
/1 output from
std::vector<int> data;
¥
}

asadirect container attribute to the List (%9 generator. In order to make this data structure compatible we need to specialize a couple
of attribute customization points: traits::is_container,traits::container_iterator,traits::begin_container,
andtraits::end_container.Asyou can see the specializations smply expose the embedded st d: : vect or <i nt > asthe con-
tainer to use. We don't need to specialize the customization points related to iterators (traits::deref_iterator,
traits::next_iterator,andtraits::conpare_iterators)asweexposeastandarditerator and the default implementation
of these customizations handles standard iterators out of the box.
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/1 Al'l specializations of attribute custom zation points have to be placed into
/'l the nanespace boost::spirit::traits

I

/1 Note that all tenplates below are specialized using the 'const' type

/1 This is necessary as all attributes in Karnma are 'const'.

nanmespace boost { nanespace spirit { nanespace traits

{
/1l The specialization of the tenplate 'is_container<> wll tell the
/1 library to treat the type 'client::enbedded_container' as a
/1 container holding the itens to generate output from
tenpl ate <>
struct is_container<client::enbedded_contai ner const>
compliitrue_

{h
/'l The specialization of the tenplate 'container_iterator<>" wll be
/'l invoked by the library to evaluate the iterator type to be used
/1 for iterating the data elenents in the container. We sinply return
/1l the type of the iterator exposed by the enbedded 'std::vector<int>'
tenpl ate <>
struct container_iterator<client::enbedded _contai ner const>
{

typedef client::enbedded_container::iterator type;
}s
/'l The specialization of the tenplates 'begin_container<> and
/'l "end_container<>' below w ||l be used by the library to get the iterators
/'l pointing to the begin and the end of the data to generate output from
/1 These specializations sinply return the 'begin' and 'end' iterators as
/'l exposed by the enbedded 'std::vector<int>'.
I
/1 The passed argunent refers to the attribute instance passed to the li st
/'l generator
tenpl ate <>
struct begi n_container<client::enbedded_contai ner const>
{

static client::enbedded_container::iterator

call (client::enbedded_contai ner const& d)

{

return d.data. begin();

}
}s
tenpl ate <>
struct end_contai ner<client::enbedded_contai ner const>
{

static client::enbedded_container::iterator

call (client::enbedded_contai ner const& d)

{

return d.data.end()

}

}s
11}

Thelast code snippet shows an example using an instance of the datastructurecl i ent : : enbedded_cont ai ner to generate output
from aList (99 generator:
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client::enbedded_contai ner di; /'l create sone test data

d1. dat a. push_back( 1)

d1. dat a. push_back(2);

d1. dat a. push_back(3);

/1 use the instance of an 'client::enbedded_container' instead of a

/1l STL vector
std::cout << karma::format(karma::int_ %", ", dl) << std::endl; /[l prints: "1, 2, 3

Asyou can see, the specializations for the customization points as defined above enabl e the seamless integration of the custom data
structure without having to modify the output format or the generator itself.

For other examples of how to use the customization point cont ai ner _i t erat or please see here: use as container and
counter_example.

Get the Iterator pointing to the Begin of a Container Attribute

begin_container

Thetemplate begi n_cont ai ner isatype used as an attribute customization point. It isinvoked by the Karma repetitive generators
(suchasList (%, Kleene (unary *), Plus (unary +), and Repeat) in order to get an iterator pointing to thefirst element of the container

holding the attributes to generate output from.

Module Headers

#i ncl ude <boost/spirit/home/ support/container. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane Contai ner, typenane Enabl e>

struct begi n_cont ai ner

{
static typename container_iterator<Container>::type
call (Containeré& c);
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Template parameters

Parameter Description Default
Cont ai ner Thetype, Cont ai ner for whichtheiter- none
ator pointing to thefirst element hasto be
returned
Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izations of begi n_cont ai ner utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sable_if).

Notation

C A container type the begin iterator needs to be returned for.

¢ Aninstance of acontainer, C.

Expression Semantics

Expression Semantics
begi n_cont ai ner<C>::call (c) Return theiterator usable to dereference the first element of the

given container, c. The type of the returned iterator is expected
to be the same as the type returned by the customization point
traits::container_iterator.

The returned instance conceptually needsto be equivalent to astandard forward iterator. But it does not have to expose the standardized
interface. If this customization point is implemented for a certain container type, al related customization points need to be imple-
mented as well (see Related Attribute Customization Points below). This encapsulates the specific iterator interface required for a
given type. The minimal requirements for atype to be exposed as an iterator in this context are:

* it needsto be comparable for equality (seetraits:: conpare_iterators),
* it needsto beincrementable (seetraits:: next _iterator),

* it needsto be dereferencible (seetraits::deref _iterator).

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types returned by the embedded typedef t ype:

Template Parameters Semantics

C Returnsc. begi n() .
C const Returnsc. begi n() .
unused_t ype Returns &unused.

When to implement

The customization point begi n_cont ai ner needsto be implemented for a specific type whenever this type isto be used as an at-
tributein place of a STL container. It is applicable for generators (Spirit.Karma) only. As arule of thumb: it hasto be implemented
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whenever acertain typeis to be passed as an attribute to a generator normally exposing a STL container, C and if the type does not
expose the interface of a STL container (i.e.i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_).

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::is_container Needs to be implemented whenever a type is to be used as a
container attribute in Karma.

traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::begi n_container Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::end_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::deref iterator Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::next_iterator Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Example

For examples of how to use the customization point begi n_cont ai ner please see here: embedded_container_example,
use as container, and counter_example.

Get the Iterator pointing to the End of a Container Attribute

end_container

The template end_cont ai ner isatype used as an attribute customization point. It is invoked by the Karma repetitive generators
(suchasList (%9, Kleene (unary *), Plus (unary +), and Repeat) in order to get an iterator pointing to the end of the container holding
the attributes to generate output from.

Module Headers

#i ncl ude <boost/spirit/home/ support/container. hpp>

Also, see Include Structure.

@ Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Container, typenane Enabl e>
struct end_contai ner

{

static typename container_iterator<Container>::type
call (Containeré& c);

Template parameters

Parameter Description Default
Cont ai ner Thetype, Cont ai ner for whichtheiter- none
ator pointing to thefirst element hasto be
returned
Enabl e Helper template parameter usable to se-  voi d

lectively enable or disable certain special-
izations of end_cont ai ner utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).

Notation

C A container type the end iterator needs to be returned for.

¢ Aninstance of acontainer, C.

Expression Semantics

Expression Semantics
end_cont ai ner<C>::call (c) Return the iterator usable to compare a different iterator with

in order to detect whether the other iterator reached the end of
the given container, c. Thetype of thereturned iterator is expec-
ted to be the same as the type returned by the customization
pointtraits::container_iterator.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types returned by the embedded typedef t ype:

Template Parameters Semantics

C Returnsc. end() .
C const Returnsc. end() .
unused_t ype Returns &unused.

When to implement

The customization point end_cont ai ner needsto beimplemented for a specific type whenever thistypeisto be used as an attribute
in place of a STL container. It is applicable for generators (Spirit.Karma) only. As a rule of thumb: it has to be implemented
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whenever acertain typeis to be passed as an attribute to a generator normally exposing a STL container, C and if the type does not
expose the interface of a STL container (i.e.i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_).

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::is_container Needs to be implemented whenever a type is to be used as a
container attribute in Karma.

traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::begi n_container Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::end_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::deref iterator Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::next_iterator Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Example

For examples of how to use the customization point end_cont ai ner please see here: embedded_container_example, use as con-
tainer, and counter_example.

Increment the Iterator pointing into a Container Attribute
next_iterator

Thetemplate next _i t er at or isatype used as an attribute customization point. It is invoked by the Karma repetitive generators
(suchasList (99, Kleene (unary *), Plus (unary +), and Repeat) in order to get an iterator pointing to the next element of a container
holding the attributes to generate output from.

Module Headers
#i ncl ude <boost/spirit/home/ support/container. hpp>

Also, see Include Structure.

@ Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Iterator, typename Enabl e>
struct next _iterator

{
I

static void call(lterator& it);

Template parameters

Parameter Description Default

Iterator Thetype, I t er at or of theiterator toin- none
crement. This is the same as the type re-
turned by the customization point
traits::container_iterator.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of next _iterator utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).

Notation
Iterator  Aniterator type.
it An instance of an iterator of typel t er at or .

C A container type whose iterator typeis| t er at or .

Expression Semantics

Expression Semantics
next _iterator<lterator>::call(it) Increment the iterator pointing so that it is pointing to the next
element.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types returned by the embedded typedef t ype:

Template Parameters Semantics
Iterator Executes ++i t .
unused_t ype const* Does nothing.

When to implement

The customization point next _i t er at or needs to be implemented for a specific iterator type whenever the container this iterator
belongsto isto be used as an attribute in place of a STL container. It is applicable for generators (Spirit.Karma) only. As arule of
thumb: it has to be implemented whenever a certain iterator type belongs to a container which is to be passed as an attribute to a
generator normally exposing a STL container, C and if the container type does not expose the interface of a STL container (i.e.
i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_).
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Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement

traits::is_container Needs to be implemented whenever a type is to be used as a
container attribute in Karma.

traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::begin_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::end_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::deref_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::next_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Example

Here are the header files needed to make the example code below compile:

#i ncl ude <boost/spirit/include/karma. hpp>
#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <vector>

The example (for the full source code please see here: customize use as container.cpp) uses the data structure
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nanespace client

{
struct use_as_contai ner
{
/'l Expose a pair holding a pointer to the use_as_container and to the
/1 current elenent as our iterator
/1 W intentionally |leave out having it a 'operator==()"' to denobnstrate
/1l the use of the 'conpare_iterators' custoni zation point.
struct iterator
{
iterator(use_as_container const* container, int const* current)
contai ner_(container), current_(current)
{}
use_as_contai ner const* container_;
int const* current_;
b
/'l expose 'int' as the type of each generated el enent
typedef int type
use_as_container(int valuel, int value2, int value3)
val uel_(val uel), value2_(value2), value3_(val ue3)
{}
int valuel_;
std::string dummyl_; /1 insert sonme unrel ated data
int value2_;
std::string dummy?2_; /1 insert some nore unrel ated data
int value3d_;
b
}

as adirect attribute to the List (99 generator. This type does not expose any of the interfaces of an STL container. It does not even
expose the usual semantics of a container. The purpose of this artificial example isto demonstrate how the customization points can
be used to expose independent data el ements as asingle container. The example shows how to enableitsuse asan attributeto Karma's
repetitive generators.

In order to make this data structure compatible we need to speciadlize a couple of attribute customization points:
traits::is_container,traits::container_iterator,traits::begin_container,andtraits::end_container
In addition, we specidize all of the iterator related customization points as well: traits::deref_iterator,
traits::next _iterator,andtraits::conpare_iterators
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/1 Al'l specializations of attribute custom zation points have to be placed into
/'l the nanespace boost::spirit::traits
/1
/1 Note that all tenplates below are specialized using the 'const' type
/1 This is necessary as all attributes in Karnma are 'const'.
nanmespace boost { nanespace spirit { nanespace traits
{
/'l The specialization of the tenplate '"is_container<>' wll tell the
/1 library to treat the type 'client::use_as_container' as a
/'l container holding the items to generate output from
tenpl ate <>
struct is_container<client::use_as_contai ner const>
©onpl::true_
{h

/'l The specialization of the tenplate 'container_iterator<>" wll be
/'l invoked by the library to evaluate the iterator type to be used

/1 for iterating the data elenents in the container. We sinply return
/1l the type of the iterator exposed by the enbedded 'std::vector<int>'
tenpl ate <>

struct container_iterator<client::use_as_container const>

{
};

typedef client::use_as_container::iterator type

/1 The specialization of the tenplates 'begin_container<> and
/1 "end_container<>'" beloww |l be used by the Iibrary to get the iterators
/1 pointing to the begin and the end of the data to generate output from
I
/1 The passed argunent refers to the attribute instance passed to the |i st
/'l generator
tenpl ate <>
struct begin_container<client::use_as_contai ner const>
{

static client::use_as_container::iterator

call (client::use_as_container consté& c)

{
}

return client::use_as_container::iterator(&c, &c.valuel))
s

tenpl ate <>
struct end_container<client::use_as_container const>

{

static client::use_as_container::iterator
call (client::use_as_container consté& c)

{
}

return client::use_as_container::iterator(&, (int const*)0)

};
1}
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/1 Al'l specializations of attribute custom zation points have to be placed into
/'l the nanespace boost::spirit::traits
nanmespace boost { nanespace spirit { nanespace traits

{
/'l The specialization of the tenplate 'deref iterator<> will be used to
/1 dereference the iterator associated with our counter data structure
tenpl ate <>
struct deref _iterator<client::use_as_container::iterator>
{
typedef client::use_as_container::type type
static type call (client::use_as_container::iterator const& it)
{
return *it.current_;
}
b
tenpl ate <>
struct next_iterator<client::use_as_container::iterator>
{
static void call(client::use_as_container::iterator& it)
{
if (it.current_ == &it.container_->valuel )
it.current_ = & t.container_->val ue2_;
else if (it.current_ == & t.container_->value2 )
it.current_ = & t.container_->val ue3_;
el se
it.current_ =0
}
b
tenpl ate <>
struct conpare_iterators<client::use_as_container::iterator>
{
static bool call(client::use_as_container::iterator const& itl
, client::use_as_container::iterator const& it2)
{
return itl.current_ == it2 current_ &&
itl. container_ == it2. container_;
}
b
138

The last code snippet shows an example using an instance of the data structurecl i ent : : use_as_cont ai ner to generate output
fromaList (%9 generator:

client::use_as_container d2 (1, 2, 3)
/1l use the instance of a 'client::use_as _container' instead of a STL vector
std::cout << karma::format(karma::int_ %", ", d2) << std::endl; /1 prints: "1, 2, 3

Asyou can see, the specializations for the customization points as defined above enable the seamless integration of the custom data
structure without having to modify the output format or the generator itself.

Dereference the Iterator pointing into a Container Attribute
deref_iterator
Thetemplateder ef _i t er at or isatype used as an attribute customization point. It isinvoked by the Karma repetitive generators

(such asList (99, Kleene (unary *), Plus (unary +), and Repeat) in order to dereference an iterator pointing to an element of a con-
tainer holding the attributes to generate output from.
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Module Headers

#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
Synopsis

tenpl ate <typenane Iterator, typenane Enabl e>
struct deref __iterator

{
t ypedef <unspecified> type;
static type call (lterator& it);

Template parameters

Parameter Description Default

Iterator The type, Iterator of the iterator to none
dereference. Thisis the same as the type
returned by the customization point
traits::container_iterator.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of deref _iterator utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sable_if).

Notation
Iterator  Aniterator type.

it Aninstance of an iterator of typel terat or.

C A container type whose iterator typeis| t er at or .
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Expression Semantics

Expression

deref _iterator<lterator>::type

deref iterator<iterator>::call(it)

Predefined Specializations

Semantics

Metafunction result evaluating to the type returned by derefer-
encing the iterator.

Return the element in the container referred to by the iterator.
The type of the returned value is the same as returned by the
metafunction result t ype.

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the

types returned by the embedded typedef t ype:

Template

I terator

unused_t

Parameters

ype const*

When to implement

Semantics

The metafunction result type evaluates to boost:: de-
tail::iterator_traits<lterator>::reference and
thefunctioncal | () returns*it.

The metafunction result t ype evaluates to unused_t ype and
the function cal | () returnsunused.

The customization point der ef _i t er at or needsto beimplemented for a specific iterator type whenever the container thisiterator
belongsto isto be used as an attribute in place of a STL container. It is applicable for generators (Spirit.Karma) only. As arule of
thumb: it has to be implemented whenever a certain iterator type belongs to a container which is to be passed as an attribute to a
generator normally exposing a STL container, C and if the container type does not expose the interface of a STL container (i.e.
i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_).

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name

traits::

traits::
traits:
traits::
traits::
traits::

traits::

Example

i s_contai ner

contai ner _iterator

: begi n_cont ai ner

end_cont ai ner
deref _iterator
next iterator

conpare_iterators

When to implement

Needs to be implemented whenever a type is to be used as a
container attribute in Karma.

Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Karma: List (%9, Kleene (unary *), Plus (unary +), Repeat.

Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.

Here are the header files needed to make the example code below compile:

render
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#i ncl ude <boost/spirit/include/karnma. hpp>
#i ncl ude <i ostreanr
#i ncl ude <vector>

The example (for the full source code please see here: customize _counter.cpp) uses the data structure

namespace client

{
struct counter
{
/'l expose the current value of the counter as our iterator
typedef int iterator;
/1l expose 'int' as the type of each generated el enent
typedef int type
counter (int nmax_count)
: counter_(0), nmax_count_(max_count)
{}
int counter_;
int max_count _;
H
}

as adirect attribute to the List (99 generator. This type does not expose any of the interfaces of an STL container. It does not even
expose the usual semantics of a container. The presented customization points build a counter instance which is incremented each
timeit is accessed. The examples shows how to enable its use as an attribute to Karma's repetitive generators.

In order to make this data structure compatible we need to specialize a couple of attribute customization points:
traits::is_container,traits::container_iterator,traits::begin_container,andtraits::end_container
In addition, we specialize one of the iterator related customization pointsaswell: trai ts: : deref _iterator.
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/1 Al'l specializations of attribute custom zation points have to be placed into
/'l the nanespace boost::spirit::traits

I

/1 Note that all tenplates below are specialized using the 'const' type

/1 This is necessary as all attributes in Karnma are 'const'.

nanmespace boost { nanespace spirit { nanespace traits

{
/1l The specialization of the tenplate 'is_container<> wll tell the
/1 library to treat the type 'client::counter' as a container providing
/1 the itens to generate output from
tenpl ate <>
struct is_container<client::counter const>
©onpl::true_

{h
/'l The specialization of the tenplate 'container_iterator<>" wll be
/'l invoked by the library to evaluate the iterator type to be used
/1 for iterating the data elenents in the container.
tenpl ate <>
struct container_iterator<client::counter const>
{

typedef client::counter::iterator type
}s
/1 The specialization of the tenplates 'begin_container<> and
/1 "end_container<>'" beloww |l be used by the Iibrary to get the iterators
/1 pointing to the begin and the end of the data to generate output from
/'l These specializations respectively return the initial and nmaxi num
/1 counter val ues.
I
/1 The passed argunent refers to the attribute instance passed to the |i st
/'l generator
tenpl ate <>
struct begin_container<client::counter const>
{

static client::counter::iterator

call (client::counter const& c)

{

return c.counter_;

}
}s
tenpl ate <>
struct end_contai ner<client::counter const>
{

static client::counter::iterator

call (client::counter const& c)

{

return c.max_count_;

}

}s
11}
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/1 Al'l specializations of attribute custom zation points have to be placed into
/1 the nanmespace boost::spirit::traits.
nanmespace boost { nanespace spirit { nanespace traits

{
/'l The specialization of the tenplate 'deref iterator<> will be used to
/'l dereference the iterator associated with our counter data structure.
/'l Since we expose the current value as the iterator we just return the
/1 current iterator as the return val ue.
tenpl ate <>
struct deref _iterator<client::counter::iterator>
{
typedef client::counter::type type;
static type call(client::counter::iterator const& it)
{ .
return it;
}
b
138

The last code snippet shows an example using an instance of the data structurecl i ent : : count er to generate output from a List
(%9 generator:

/1 use the instance of a 'client::counter' instead of a STL vector
client::counter count(4);
std::cout << karma::format(karma::int_ %", ", count) << std::endl; /'l prints: '0, 1, 2, 3

Asyou can see, the specializations for the customization points as defined above enable the seamless integration of the custom data
structure without having to modify the output format or the generator itself.

For other examples of how to use the customization point der ef _i t er at or please see here: use_as container.

Compare two Iterator pointing into a Container Attribute for Equality

compare_iterators

Thetemplate conpar e_i t er at or s isatype used as an attribute customization point. It is invoked by the Karma repetitive gener-
ators (such as List (99, Kleene (unary *), Plus (unary +), and Repeat) in order to compare the current iterator (returned either from
traits::begin_container orfromtraits::next_iterator)withtheenditerator (returnedfromtrai t s: : end_cont ai ner)

in order to find the end of the element sequence to generate output for.

Module Headers

#i ncl ude <boost/spirit/hone/ support/container. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace

Name

boost::spirit::traits
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Synopsis

tenpl ate <typenane Iterator, typename Enabl e>
struct conpare_iterators

{
I

static bool call(lterator const& itl, Iterator const& it2);

Template parameters

Parameter Description Default

Iterator The type, Iterator of the iterator to none
dereference. Thisis the same as the type
returned by the customization point
traits::container_iterator.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izations of conpare_i terat or s utiliz-
ing SFINAE (i.e. boost:: enabl e_i f
or boost : : di sabl e_i f).

Notation
Iterator  Aniterator type.
it1,it2 Instances of an iterator of typel t er at or .

C A container type whose iterator typeis| t er at or .

Expression Semantics

Expression Semantics
conpare_iterators<iterator> :call(itl, it2) Returnswhether theiteratorsi t 1i t 2 areto betreated asbeing
equal.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types returned by the embedded typedef t ype:

Template Parameters Semantics
Iterator Thefunctioncal | () returnsitl ==it2.
unused_t ype const* Thefunctioncal | () awaysreturnsfalse.

When to implement

The customization point conpar e_i t er at or s needs to be implemented for a specific iterator type whenever the container this
iterator belongs to is to be used as an attribute in place of a STL container. It is applicable for generators (Spirit.Karma) only. Asa
rule of thumb: it has to be implemented whenever a certain iterator type belongs to a container which is to be passed as an attribute
to agenerator normally exposing a STL container, C and if the container type does not expose the interface of a STL container (i.e.
i s_cont ai ner <C>: : t ype would normally returnnpl : : f al se_).
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Related Attribute Customization Points

If this customization point isimplemented, the following other customization points might need to be implemented as well.

Name When to implement
traits::is_container Needs to be implemented whenever a type is to be used as a
container attribute in Karma.
traits::container_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::begin_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::end_container Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::deref_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::next_iterator Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
traits::conpare_iterators Karma: List (99, Kleene (unary *), Plus (unary +), Repeat.
Example

For an example of how to use the customization point conpar e_i t er at or s please see here: use_as _container.

Extract a C-Style String to Generate Output from a String Type (Karma)

Determine if aType is a Character

is_char

i s_char isametafunction that detectsif agiven typeisacharacter.

Module Headers

#i ncl ude <boost/spirit/hone/ support/string_traits. hpp>

Also, see Include Structure.

K

Namespace

Name

Note

This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

boost::spirit::traits
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Synopsis

tenpl ate <typenane T>
struct is_char

{
I

<unspeci fi ed>;

Template parameters

Parameter Description
T The type to detect.
Notation

T Anarbitrary type
Expression Semantics
Expression

i s_char<T>::type

Predefined Specializations
Type
T
T const
char

wchar _t

When to implement

Default

none

Semantics
mpl : :true_ if T should be treated as a character type, and

npl : : fal se_ otherwise. Generally, any implementation of
i s_char needsto behaveasif if wasaMPL Boolean Constant.

Semantics

nmpl :: fal se_
i s_char<T>

mpl ::true_

nmpl ::true_

This customization point needs to be implemented for any strings that use atype other than char or “wchar_t to store character data.

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points need to be implemented as well.

Name
traits::is_string

traits::char_type_of

When to implement
Whenever i s_char isimplemented.

Whenever i s_char isimplemented.
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Determine the Character Type of a String
char_type of

This customization point is an MPL metafunction which returns the character type of a given string type. char _t ype_of handles
user-defined types such as std::string, as well as C-style strings.

Module Headers

#i ncl ude <boost/spirit/hone/ support/string_traits. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane T>
struct char_type_of

{
I

t ypedef <unspecified> type;

Template parameters

Parameter Description Default
T A string type. none
Notation
T An arbitrary type.
N An arbitrary integral constant.
Char A character type.
Traits A character traits type.

Al l ocator A standard alocator type.

Expression Semantics

Expression Semantics
char _type_of <T>::type The character type of the string type T.
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Predefined Specializations

Type Semantics

T const Returnschar _t ype_of <T>.
char Returnschar .

wchar _t Returnswechar _t.

char const* Returnschar const.
wchar _t const* Returnswchar _t const.
char* Returnschar .

wchar _t* Returnswchar _t .

char[ N Returnschar .

wchar _t[N] Returnswchar _t .

char const[N] Returnschar const .
wchar _t const[N] Returnswchar _t const.
char (& [ N] Returnschar .

wchar _t (&[N Returnswchar _t .

char const (&[N Returnschar const .
wchar _t const (& [N] Returnswchar _t const.
std::basic_string<Char, Traits, Allocator> Returns Char .

When to implement
This customization point needs to be implemented whenever trai ts: : i s_stri ng isimplemented.
Related Attribute Customization Points

If this customization point isimplemented, the following other customization points need to be implemented as well.

Name When to implement

traits::is_char For string types whose underlying character type is not char
orwchar _t,is_char must beimplemented.

traits::is_string Whenever char _t ype_of isimplemented.
traits::extract_c_string Whenever char _t ype_of isimplemented.
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Get a C-style String from a String Type

extract_c_string

extract_c_string returnsapointer to an array of elements of a const character type. It isinvoked through a static method cal | .
This customization point is responsible for handling it's own garbage collecting; the lifetime of the returned C-string must be no
shorter than the lifetime of the string instance passed to the cal I method.

Module Headers

#i ncl ude <boost/spirit/hone/ support/string_traits. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane String>
struct extract_c_string
{

t ypedef <unspecified> char_type;

static char_type const* call (String constg&);

Template parameters

Parameter Description Default
String A string type. none
Notation
T An arbitrary type.
Char A character type.
Traits A character traits type.

Al l ocator A standard alocator type.

str A string instance.
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Expression Semantics

Expression
extract_c_string<T>::char_type

extract_c_string<T>: :call(str)
Predefined Specializations

Type

T

T const

T&

T const &

std::basic_string<Char, Traits,

When to implement

Al | ocat or >

Semantics
Thereturntype of cal | .

Extract a c-string of typechar _t ype fromstr.

Semantics

cal | takesaparameter of typeT const *, and returnsit without
modification. An overload of cal | takes a parameter of type
T* and castsitto T const *, returning the result. char _t ype
ischar _type_of <T>::type.

cal | takesaparameter str of typeT const and returns ex-
tract_c_string<T>::call(str). char _type is
char_type_of <T>::type.

cal | takes a parameter str of type T& and returns ex-
tract_c_string<T>::call(str). char _type is
char _type_of <T>::type.

cal | takesaparameter st r of typeT const & and returnsex-
tract_c_string<T>::call(str). char _type is
char _type_of <T>::type.

call takes a parameter str and returns str.c_str().
char_typeiscChar.

This customization point needs to be implemented whenever trai ts: : i s_string isimplemented.

Related Attribute Customization Points

If this customization point isimplemented, the following other customization points need to be implemented as well.

Name

traits::is_char

traits::is_string

traits::char_type_of

When to implement

For string types whose underlying character type is not char
orwchar _t,is_char must beimplemented.

Whenever ext r act _c_st ri ng isimplemented.

Whenever ext r act _c_st ri ng isimplemented.

Atomically Extract an Attribute Value from a Container (Karma)

attribute_as

attri but e_as atomically extracts an instance of atype from another type. This customization point is used by the as<T>[] dir-

ective.

render
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Module Headers

#i ncl ude <boost/spirit/hone/ support/attributes_fwd. hpp>

Also, see Include Structure.

S Note
This header file does not need to be included directly by any user program asit is normally included by other Spirit
header files relying on its content.

Namespace
Name
boost::spirit::traits
Synopsis

tenpl ate <typenane T, type
struct attribute_as;

Template parameters

Parameter

T

Attribute

Enabl e

Notation

name Attribute, typenanme Enable = void>

attr  Aninstanceof typeAttri b.

Expression Semantics

Expression
attribute_as<T, Attribute>
attribute_as<T, Attribute>

attribute_as<T, Attribute>

Description Default

Thetype of the attribute natively exposed  none

by the component theattri bute_as is

invoked from.

The type of the attribute to be used to none

generate output from.

Helper template parameter usable to se-  voi d

lectively enable or disable certain special-

izations of attribute_as utilizing

SFINAE (i.e. boost::enable_if or

boost : : di sabl e_i f).

Semantics

(itype The result type of the extraction.
cicall(attr) Extract and return an instance of t ype.
::valid_as(attr) Determine, at runtime, if the extraction of an instance of t ype

fromat t r would cause an error.

render
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Predefined Specializations

Spirit predefines specializations of this customization point for several types. The following table lists those types together with the
types exposed and the corresponding semantics:

Template Parameters Semantics

unused_t ype The exposed typedef t ype is defined to unused_t ype. The
function cal | () returns aninstance of unused_t ype.

When to implement

This customization point may need to be implemented when using the as<T>[] directive.

Create Components from Attributes (Qi and Karma)

Spirit supports the creation of adefault parser or a default generator from a given attribute type. It implements aminimal set of pre-
defined mappings from different attribute typesto parsers and generators (for adescription of the predefined mappings see Additional
Attribute Requirements for Parsers and Additional Attribute Requirements for Generators). The customization points described in
thissection(traits::create_parser andtraits::create_generator) can bespeciaized to define additional mappingsfor
custom data types.

Define a Custom Attribute Mapping for a Parser

create_parser

Thetemplate cr eat e_par ser isatype used as an customization point. It isinvoked by the Qi cr eat e_par ser API functionin
order to create a custom mapping of the given data type to a parser expression. This parser expression will be returned from cr e-
at e_par ser whenever the given datatype is encountered.

Module Headers

/1 forwards to <boost/spirit/hone/qi/auto.hpp>
#i ncl ude <boost/spirit/include/qi_auto. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::traits
Synopsis

tenpl ate <typenane T, typenane Enabl e>
struct create_parser
{

t ypedef <unspecified> type;

static type const& call ();
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Template parameters

Parameter Description Default

T Thetype, T for which a custom mapping none
to aparser should be established.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izationsof cr eat e_gener at or utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sable_if).

Notation
T Anarbitrary type.

Expression Semantics

Expression Semantics
create_parser<T>::type Defines the type of the parser expression returned fromcal | .
create_parser<T>::call () Returns a parser expression (usually thisis aproto::expression)

to be used as the default parser for the given type, T.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. All predefined mappings are listed here: Additional
Attribute Requirements for Parsers.

S Note
It is possible to overload the predefined mappings for the listed types by providing your own specialization of the
creat e_par ser customization point for the type to modify.

When to implement

The customization point cr eat e_par ser needsto be implemented for a specific type whenever this type should be usable with the
API function cr eat e_par ser (whichincludes using theqi : : aut o_ parser and the special API functions based on the automatic
creation of the matching parser type).

Example

For an example of how to use the customization point cr eat e_par ser please see here: Examplefor Using theqi : : aut o_ Parser.

Define a Custom Attribute Mapping for a Generator

create_generator

Thetemplate cr eat e_gener at or isatype used as an customization point. It isinvoked by the Karma cr eat e_gener at or API
function in order to create a custom mapping of the given datatypeto agenerator expression. Thisgenerator expression will be returned
fromcr eat e_gener at or whenever the given datatype is encountered.
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Module Headers

/1 forwards to <boost/spirit/home/karma/ auto. hpp>
#i ncl ude <boost/spirit/include/karma_auto. hpp>

Also, see Include Structure.

Namespace

Name
boost::spirit::traits
Synopsis

tenpl ate <typenane T, typenane Enabl e>
struct create_generator

{
t ypedef <unspecified> type;
static type const& call ();

Template parameters

Parameter Description Default

T Thetype, T for which acustom mapping none
to agenerator should be established.

Enabl e Helper template parameter usable to se-  voi d
lectively enable or disable certain special-
izationsof cr eat e_gener at or utilizing
SFINAE (i.e. boost::enable_if or
boost : : di sabl e_i f).

Notation
T Anarbitrary type.

Expression Semantics

Expression Semantics
creat e_generator<T>::type Definesthetype of the generator expression returned fromcal | .
create_generator<T>::call () Returns a generator expression (usually thisis a proto::expres-

sion) to be used as the default generator for the given type, T.

Predefined Specializations

Spirit predefines specializations of this customization point for several types. All predefined mappings are listed here: Additional
Attribute Requirements for Generators.
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S Note

It is possible to overload the predefined mappings for the listed types by providing your own specialization of the
creat e_gener at or customization point for the type to modify.

When to implement

The customization point cr eat e_gener at or needsto beimplemented for a specific type whenever this type should be usable with

the API function cr eat e_gener at or (whichincludesusing thekar ma: : aut o_ generator and the special API functions based on
the automatic creation of the matching generator type).

Example

For an example of how to use the customization point cr eat e_gener at or please see here: Examplefor Using thekar ma: : aut o_
Generator.
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Supporting Libraries

The multi pass iterator

Backtracking in Spirit.Qi requires the use of the following types of iterator: forward, bidirectional, or random access. Because of
backtracking, input iterators cannot be used. Therefore, the standard library classesst d: : i st reanbuf _iterator andstd: :is-
tream i terat or, that fall under the category of input iterators, cannot be used. Another input iterator that is of interest is one that
wraps alexer, such asLEX.

S Note
In general, Spirit.Qi generates recursive descent parser which require backtracking parsers by design. For this
reason we need to provide at least forward iterators to any of Spirit.Qi's API functions. Thisis not an absolute re-
quirement though. Inthefuture, we shall see more deterministic parsersthat require no morethan 1 character (token)
of lookahead. Such parsers allow usto useinput iterators such asthest d: : i stream i terator asis.

Backtracking can be implemented only if we are allowed to save an iterator position, i.e. making a copy of the current iterator. Un-
fortunately, with an input iterator, thereis no way to do so, and thus input iterators will not work with backtracking in Spirit.Qi. One
solution to this problemisto simply load al the data to be parsed into a container, such as a vector or deque, and then pass the begin
and end of the container to Spirit.Qi. This method can betoo memory intensive for certain applications, whichiswhy thermul ti _pass
iterator was created.

Using the multi_pass

Thenul ti _pass iterator will convert any input iterator into a forward iterator suitable for use with Spirit.Qi. mul ti _pass will
buffer data when needed and will discard the buffer when its contents is not needed anymore. This happens either if only one copy
of the iterator exists or if no backtracking can occur.

A grammar must be designed with careif the mul ti _pass iterator is used. Any rule that may need to backtrack, such as one that
contains an alternative, will cause datato be buffered. The rulesthat are optimal to use are repetition constructs (as kleene and plus).

Sequences of theforma >> b will buffer data as well. Thisis different from the behavior of Spirit.Classic but for a good reason.
Sequences need to reset the current iterator to itsinitial state if one of the components of a sequence fails to match. To compensate
for this behavior we added functionality to the expect parsers (i.e. constructslikea > b). Expectation points introduce determin-
istic pointsinto the grammar ensuring no backtracking can occur if they match. For this reason we clear the buffers of any multi_pass
iterator on each expectation point, ensuring minimal buffer content even for large grammars.

2 I mpor tant
If you use an error handler in conjunction with the expect parser while utilizingamul ti _pass iterator and you
intend to use the error handler to forcearetry or afai | (seethe description of error handlers - FIXME: insert
link), then you need to instantiate the error handler usingretry or f ai |, for instance:

rule r<iterator_type> r;
on_error<retry>(r, std::cout << phoenix::val("Error!"));

If you fail to do so the resulting code will trigger an assert statement at runtime.

Any rule that repeats, such as kleene_star (* a) or positive such as (+a), will only buffer the data for the current repetition.

In typical grammars, ambiguity and therefore lookahead is often localized. In fact, many well designed languages are fully determ-
inistic and require no lookahead at all. Peeking at thefirst character from the input will immediately determine the alternative branch
totake. Yet, even with highly ambiguous grammars, aternatives are often of theform*(a | b | ¢ | d).Theinputiterator moves
on and is never stuck at the beginning. Let's ook at a Pascal snippet for example:
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program =
progranHeadi ng >> bl ock >> "'

| abel Decl ar ati onPart

const ant Definiti onPart

t ypeDefinitionPart

vari abl eDecl arati onPart

pr ocedur eAndFuncti onDecl ar ati onPart

tat ement Part

Notice the alternatives inside the Kleene star in the rule block . The rule gobbles the input in a linear manner and throws away the
past history with each iteration. As thisis fully deterministic LL(1) grammar, each failed alternative only has to peek 1 character
(token). The aternative that consumes more than 1 character (token) is definitely a winner. After which, the Kleene star moves on
to the next.

Now, after the lecture on the features to be careful with when using nul ti _pass, you may think that nul ti _pass isway too re-
gtrictive to use. That's not the case. If your grammar is deterministic, you can make use of thef | ush_mul ti _pass pseudo parser
in your grammar to ensure that data is not buffered when unnecessary (f 1 ush_nul ti _pass is available from the Spirit.Qi parser
Repository).

Here we present aminimal example showing a minimal use case. Themul ti _pass iterator is highly configurable, but the default
policies have been chosen so that its easily usable with input iterators such as st d: : i st reanbuf _i t er at or . For the complete
source code of this example please refer to multi_pass.cpp.

int main()
{
namespace spirit = boost::spirit;
using spirit::ascii::space
using spirit::ascii::char_;
using spirit::qi::double_;
using spirit::qi::eol
std::ifstreamin("multi_pass.txt"); /1 we get our input fromthis file
if (lin.is_open()) {
std::cout << "Could not open input file: "nmulti_pass.txt'" << std::endl
return -1;
}
typedef std::istreanbuf _iterator<char> base_iterator_type
spirit::nmulti_pass<base_iterator_type> first =
spirit::make_default_nulti_pass(base_iterator_type(in))
std: :vector<doubl e> v
bool result = spirit::qi::phrase_parse(first
spirit::make_default_multi _pass(base_iterator_type())
double_ >> *(',' >> double_) /'l recognize list of doubles
space | '#' >> *(char_ - eol) >> eol /1 comment ski pper
V) ; /1 data read fromfile
if ('result) {
std::cout << "Failed parsing input filel" << std::endl
return -2;
}
std::cout << "Successfully parsed input filel" << std::endl
return O
}
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Using the flush_multi_pass parser

The Spirit Repository contains the f | ush_mul ti _pass parser component. This is usable in conjunction with the mul ti _pass
iterator to minimize the buffering. It allows to insert explicit synchronization points into your grammar where it is safe to clear any
stored input asit is ensured that no backtracking can occur at this point anymore.

Whenthefl ush_mul ti _pass parserisusedwithmul ti _pass,itwill call nul ti _pass: : cl ear _queue() . Thiswill cause any
buffered data to be erased. This also will invalidate all other copies of multi_pass and they should not be used. If they are, an
boost::ill egal _backtracki ng exception will be thrown.

The multi_pass Policies

Themul ti _pass iterator is a templated class configurable using policies. The description of nul ti _pass above is how it was
originally implemented (before it used policies), and is the default configuration now. But, nul ti _pass is capable of much more.
Because of the open-ended nature of policies, you can write your own policy to make mul ti _pass behave in away that we never
before imagined.

The multi_pass class has two template parameters:

The multi_passtemplate parameters

Input The type multi_pass uses to acquire it'sinput. Thisistypically an input iterator, or functor.
Policies The combined policies to use to create an instance of a multi_pass iterator. This combined policy type is described
below

It is possible to implement all of the required functionality of the combined policy in asingle class. But it has shown to be more
convenient to split thisinto four different groups of functions, i.e. four separate, but well coordinated policies. For this reason the
mul ti _pass library implements a template i t er at or _pol i ci es: : def aul t _pol i cy alowing to combine several different
policies, each implementing one of the functionality groups:

Table 12. Policies needed for default_policy template

Template Par ameter Description

Oaner shi pPol i cy Thispolicy determineshow mul ti _pass dealswithit's shared
components.

Checki ngPol i cy This policy determines how checking for invalid iterators is
done.

I nput Pol i cy A class that defines how mul ti _pass acquires its input. The

I nput Pol i cy isparameterized by thel nput template paramet-
ertothenmul ti _pass.

St or agePol i cy The buffering scheme used by nul ti _pass isdetermined and
managed by the StoragePolicy.

Themul ti _pass library contains several predefined policy implementations for each of the policy types as described above. First
wewill describe those predefined types. Afterwardswe will give some guidelines how you can write your own policy implementations.

Predefined policies

All predefined mul ti _pass policies are defined in the namespace boost : : spirit::iterator_policies.
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Table 13. Predefined policy classes

Classname
InputPoalicy classes

i nput _iterator

buf fering_input _iterator

i stream

| ex_i nput

functor_i nput

split_functor_input

Owner shipPoalicy classes

ref counted

first_owner

CheckingPalicy classes

no_check

Description

Thispolicy directsmul ti _pass to read from an input iterator
of typel nput .

This policy directsmul ti _pass to read from an input iterator
of typel nput . Additionally it buffersthelast character received
from the underlying iterator. This allows to wrap iterators not
buffering the last character on their own (asstd: : i stream
buf _iterator).

This policy directsmul ti _pass to read from an input stream
of typel nput (usualy astd: : basic_i stream.

This policy obtains it's input by calling yylex(), which would
typically be provided by ascanner generated by Flex. If you use
thispolicy your code must link against aFlex generated scanner.

This input policy obtainsit's data by calling a functor of type
I nput . The functor must meet certain requirements. It must
have atypedef called r esul t _t ype which should be the type
returned from oper at or () . Also, since an input policy needs
away to determine when the end of input has been reached, the
functor must contain a static variable named eof which is
comparableto avariable of resul t _t ype.

Thisis essentialy the same asthef unct or _i nput policy ex-
cept that the (user supplied) function object exposes separate
uni que and shared sub classes, allowing to integrate the
functorsunique datamemberswiththemnul ti _pass dataitems
held by each instance and its shared data memberswill beinteg-
rated with the mul ti _pass members shared by all copies.

This class uses areference counting scheme. Thenul ti _pass
will deleteit's shared components when the count reaches zero.

When this policy isused, thefirst mul ti _pass created will be
the one that deletes the shared data. Each copy will not take
ownership of the shared data. This works well for Spirit, since
no dynamic allocation of iteratorsis done. All copies are made
on the stack, so the original iterator has the longest lifespan.

This policy does no checking at all.
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Classname Description

buf i d_check Thispolicy keepsaround abuffer id, or abuffer age. Every time
cl ear _queue() iscaledonanul ti _pass iterator, it ispos-
sible that all other iterators become invalid. When
cl ear _queue() is called, buf i d_check increments the
buffer id. When an iterator is dereferenced, this policy checks
that the buffer id of the iterator matches the shared buffer id.
This policy is most effective when used together with the
split_std_deque StoragePolicy. It should not be used with
thefi xed_si ze_queue StoragePolicy, becauseit will not de-
tect iterator dereferences that are out of range.

full_check This policy has not been implemented yet. When it is, it will
keep track of all iterators and make sure that they are all valid.
Thiswill bemostly useful for debugging purposesasit will incur
significant overhead.

StoragePolicy classes

split_std_deque Despite its name this policy keeps all buffered data in a
std: :vector.All datais stored as long as there is more than
oneiterator. Once the iterator count goes down to one, and the
queueisno longer needed, itiscleared, freeing up memory. The
queue can aso be forcibly cleared by caling
mul ti _pass:: cl ear _queue().

fixed_size _queue<N> This policy keeps acircular buffer that is size N+1 and storesN
elements. fixed_size_queue is a template with a
std:: si ze_t parameter that specified thequeuesize. Itisyour
responsibility to ensure that N is big enough for your parser.
Whenever theforemost iterator isincremented, the last character
of the buffer is automatically erased. Currently there is no way
to tell if an iterator is trailing too far behind and has become
invalid. No dynamic alocation is done by this policy during
normal iterator operation, only on initial construction. The
memory usage of this St or agePol i cy isset at N+1 bytes, un-
likesplit_std_deque, whichisunbounded.

Combinations: How to specify your own custom multi_pass

The beauty of policy based designsisthat you can mix and match policiesto create your own custom iterator by selecting the policies
you want. Here's an example of how to specify acustom nul ti _pass that wrapsanstd: :i stream.terator<char>, andis
dightly more efficient than the default nul ti _pass (as generated by the make_def aul t _mul ti _pass() API function) because
itusestheiterator_policies::first_owner OwnershipPolicy andthei t er at or _pol i ci es: : no_check CheckingPolicy:

typedef nulti_pass<
std::istream.terator<char>
, iterator_policies::default_policy<
iterator_policies::first_owner
, iterator_policies::no_check
, iterator_policies::buffering_input_iterator
, iterator_policies::split_std_deque
>
> first_owner_multi_pass_type

The default template parametersfori t er at or _pol i ci es: : def aul t _pol i cy are:
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e iterator_policies::ref_counted OwnershipPolicy

e iterator_policies::no_check CheckingPolicy,if BOOST_SPI RI T_DEBUGISdefined:i t er at or _pol i ci es: : buf _i d_check
CheckingPolicy

e iterator_policies::buffering_input_iterator InputPolicy, and
e iterator_policies::split_std_deque StoragePalicy.

So if youuse mul ti_pass<std::istream.iterator<char> > you will get those pre-defined behaviors while wrapping an
std::istream.terator<char>.

Dealing with constant look ahead

Thereis one other pre-defined classcalled | ook _ahead. Theclass| ook_ahead isanother predefinenul ti _pass iterator type. It
has two template parameters: | nput , the type of the input iterator to wrap, and ast d: : si ze_t N, which specifies the size of the
buffer tothef i xed_si ze_queue policy. Whilethedefault multi_pass configuration isdesigned for safety, | ook _ahead isdesigned
for speed. | ook_ahead is derived from a multi_pass with the following policies: i nput _i t er at or InputPolicy, first_owner
OwnershipPolicy, no_check CheckingPolicy, and f i xed_si ze_queue<N> StoragePolicy.

Thisiterator is defined by including the files:

/1l forwards to <boost/spirit/home/support/| ook _ahead. hpp>
#i ncl ude <boost/spirit/include/support_| ook _ahead. hpp>

Also, see Include Structure.

Reading from standard input streams

Yet another predefined iterator for wrapping standard input streams (usually a st d: : basi c_i st reanx>) is called basi c_i s-
tream.iterator<Char, Traits>. Thisclassisusableasadropinreplacementforstd: :istream.terator<Char, Traits>.
Itsonly differenceisthat it isaforward iterator (instead of thest d: : i stream i t er at or, which isan input iterator). basi c_i s-

tream it erat or isderived fromamulti_passwith thefollowing policies: i st r eamlnputPolicy, r ef _count ed OwnershipPolicy,
no_check CheckingPolicy, and spl i t _st d_deque StoragePolicy.

There exists an additional predefined typedef:
typedef basic_istreamiterator<char, std::char_traits<char> > istream.iterator;
Thisiterator is defined by including the files:

/'l forwards to <boost/spirit/hone/support/istream.iterator.hpp>
#i ncl ude <boost/spirit/include/ support_istream.iterator. hpp>

Also, see Include Structure.

How to write a functor for use with the functor _i nput InputPolicy

If youwant tousethef unct or _i nput InputPolicy, you can write your own function object that will supply theinputtomul ti _pass.
The function object must satisfy several requirements. It must have a typedef r esul t _t ype which specifies the return type of its
oper at or () . Thisis standard practice in the STL. Also, it must supply a static variable called eof which is compared against to
know whether the input has reached the end. Last but not |east the function object must be default constructible. Hereis an example:
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#i ncl ude <i ostreanr

#i ncl ude <boost/spirit/hone/qi.hpp>

#i ncl ude <boost/spirit/hone/ support. hpp>

#i ncl ude <boost/spirit/hone/support/nmulti_pass. hpp>

#i ncl ude <boost/spirit/hone/support/iterators/detail/functor_input_policy. hpp>

/1 define the function object
class iterate_a2m

{
public:
typedef char result_type
iterate_a2m) : c_('A) {}
iterate_a2mchar c) : c_(c) {}
result_type operator()()
{
if (c_=="M)
return eof;
return c_++
}
static result_type eof;
private:
char c_;
b
iterate_a2m:result_type iterate_a2m:eof = iterate_a2m:result_type('M)

usi ng nanespace boost::spirit;

/] create two iterators using the define function object, one of which is
/1 an end iterator
typedef nulti_pass<iterate_a2m
iterator_policies::first_owner
iterator_policies::no_check
iterator_policies::functor_input
iterator_policies::split_std_deque>
functor_nulti_pass_type

int main()
{
functor_nulti_pass_type first = functor_nulti _pass_type(iterate_a2m))
functor_nulti_pass_type |ast;
/'l use the iterators: this will print "ABCDEFGH JKL"
while (first !'=last) {
std::cout << *first;
++first;
}
std::cout << std::endl
return O
}

How to write policies for use with multi_pass

All policiesto be used with thedef aul t _pol i cy template need to have two embedded classes: uni que and shar ed. Theuni que
class needs to implement all required functions for a particular policy type. In addition it may hold all member data items being
uniquefor aparticular instanceof amul ti _pass (hencethename). Theshar ed class does not expose any member functions (except
sometimes a constructor), but it may hold all member dataitemsto be shared between al copies of aparticular nul ti _pass.
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InputPolicy

An| nput Pol i cy must have the following interface:

struct

{

11

i nput _policy

Input is the sane type used as the first tenplate paraneter

/1 while instantiating the nulti_pass
tenpl ate <typenane | nput >
struct uni que

{

/1 these typedef's will be exposed as the nulti_pass iterator
/'l properties

typedef _ unspecified type__ value_type

typedef _ unspecified type_ difference_type

typedef _ unspecified type__ distance_type

typedef _ _unspecified_type__ pointer;

typedef _ unspecified_type__ reference

uni que() {}
explicit unique(lnput) {}

/1 destroy is called whenever the last copy of a nulti_pass is
/1 destructed (ownership_policy::release() returned true)

I

/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>

static void destroy(MiltiPass& mp);

/1 swap is called by nulti_pass::swap()
voi d swap(uni que&)

/1 get_input is called whenever the next input character/token
/'l shoul d be fetched.

I

/1 np: is areference to the whole nulti_pass instance

I

/1 This nmethod is expected to return a reference to the next
/'l character/token

tenpl ate <typenane Milti Pass>

static typename MiltiPass::reference get_input(MiltiPass& np)

/1l advance_input is called whenever the underlying input stream
/'l shoul d be advanced so that the next call to get_input will be
/1 able to return the next input character/token

I

/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>

static void advance_i nput (Mil ti Pass& np);

/1 input_at_eof is called to test whether this instance is a

/1 end of input iterator

I

/1 np: is areference to the whole nulti_pass instance

I

/1 This nmethod is expected to return true if the end of input is
/'l reached. It is often used in the inplenentation of the function
/1 storage_policy::is_eof.

tenpl ate <typenane Milti Pass>

static bool input_at_eof (MiltiPass const& np)

/1 input_is validis called to verify if the paraneter t represents
/1 a valid input character/token
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I

/1 np: is areference to the whole nulti_pass instance
/1 t: is the character/token to test for validity

I

/1l This nethod is expected to return true if the paraneter t

/'l represents a valid character/token

tenpl ate <typenane Milti Pass>

static bool input_is_valid(MiltiPass const& np, value_type const& t)

I

/1 Input is the sane type used as the first tenplate paraneter passed
/1 while instantiating the nulti_pass

tenpl ate <typenane | nput >

struct shared

{
I

explicit shared(Input) {}

Itispossibleto derivethe struct uni que fromthetypeboost : : spirit::detail::default_i nput_policy. Thistypeimplements
aminimal sufficient interface for some of the required functions, simplifying the task of writing a new input policy.

This class may implement afunction dest r oy() being called during destruction of the last copy of anul ti _pass. Thisfunction
should be used to free any of the shared data items the policy might have allocated during construction of itsshar ed part. Because
of theway nul ti _pass isimplemented any allocated data membersin shar ed should not be deep copied in a copy constructor of
shar ed.

OwnershipPolicy

The Omner shi pPol i cy must have the following interface;
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struct ownership_policy

{

struct uni que

{
/1 destroy is called whenever the last copy of a nulti_pass is
/1 destructed (ownership_policy::release() returned true)
I
/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>
static void destroy(MiltiPass& mp);
/1 swap is called by nulti_pass::swap()
voi d swap(uni que&)
/'l clone is called whenever a nulti_pass is copied
I
/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>
static void clone(MiltiPass& np);
/'l release is called whenever a nulti_pass is destroyed
I
/1 np: is areference to the whole nulti_pass instance
I
/1 The nethod is expected to return true if the destructed
/1 instance is the last copy of a particular nulti_pass.
tenpl ate <typenane Milti Pass>
static bool release(MiltiPass& mp);
/1l is_unique is called to test whether this instance is the only
/1 existing copy of a particular nulti_pass
I
/1 np: is areference to the whole nulti_pass instance
I
/1 The nethod is expected to return true if this instance is unique
/1 (no other copies of this nulti_pass exist).
tenpl ate <typenane Milti Pass>
static bool is_unique(MiltiPass consté& np);

s

struct shared {};

s

It is possible to derive the struct uni que from the type boost : : spirit::detail::default_ownership_policy. Thistype
implements aminimal sufficient interface for some of the required functions, simplifying the task of writing anew ownership policy.

This class may implement afunction dest r oy() being called during destruction of the last copy of anul ti _pass. Thisfunction
should be used to free any of the shared data items the policy might have allocated during construction of itsshar ed part. Because
of theway nul ti _pass isimplemented any allocated data membersin shar ed should not be deep copied in a copy constructor of
shar ed.

CheckingPolicy

The Checki ngPol i cy must have the following interface:
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struct checking_policy

{

struct uni que

{
/1 swap is called by nulti_pass::swap()
voi d swap(uni que&)
/1 destroy is called whenever the last copy of a nulti_pass is
/1 destructed (ownership_policy::release() returned true)
I
/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>
static void destroy(MiltiPass& nmp);
/1 docheck is called before the nulti_pass is dereferenced or
/'l increnented.
I
/1 np: is areference to the whole nulti_pass instance
I
/1 This method is expected to nmake sure the nmulti_pass instance is
/1 still valid. If it is invalid an exception should be thrown.
tenpl ate <typenane Milti Pass>
static void docheck(MiltiPass const& np);
/1 clear_queue is called whenever the function
/1 multi_pass::clear_queue is called on this instance
I
/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>
static void clear_queue(MiltiPass& nmp);

b

struct shared {};

b

It is possible to derive the struct uni que from the type boost : : spirit::detail::default_checking _policy. Thistype
implements a minimal sufficient interface for some of the required functions, simplifying the task of writing a new checking policy.

This class may implement afunction dest r oy() being called during destruction of the last copy of anul ti _pass. Thisfunction
should be used to free any of the shared data items the policy might have allocated during construction of itsshar ed part. Because
of theway nul ti _pass isimplemented any allocated data membersin shar ed should not be deep copied in a copy constructor of
shar ed.

StoragePolicy

A St or agePol i cy must have the following interface:
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struct storage_policy

{

/1l Value is the sane type as typenane Milti Pass::val ue_type
tenpl ate <typenane Val ue>
struct uni que

{

/1 destroy is called whenever the last copy of a nulti_pass is
/1 destructed (ownership_policy::release() returned true)

I

/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>

static void destroy(MiltiPass& mp);

/1 swap is called by nulti_pass::swap()
voi d swap(uni que&)

/'l dereference is called whenever nulti_pass::operator*() is invoked
I

/1 np: is areference to the whole nulti_pass instance

I

/1 This function is expected to return a reference to the current

/'l character/token

tenpl ate <typenane Milti Pass>

static typename MiltiPass::reference dereference(MiltiPass const& np);

/1l increnent is called whenever nulti_pass::operator++ is invoked
I

/1 np: is areference to the whole nulti_pass instance

tenpl ate <typenane Milti Pass>

static void increnment(MiltiPass& np);

I

/1 np: is areference to the whole nulti_pass instance
tenpl ate <typenane Milti Pass>

static void clear_queue(MiltiPass& nmp);

/Il is_eof is called to test whether this instance is a end of input
/'l iterator.

I

/1 np: is areference to the whole nulti_pass instance

I

/1 This nmethod is expected to return true if the end of input is

/'l reached

tenpl ate <typenane Milti Pass>

static bool is_eof (MltiPass const& np);

/1l less_than is called whenever nulti_pass::operator==() is invoked
I

/1 np: is areference to the whole nulti_pass instance

/1 rhs: is the nulti_pass reference this instance is conpared
/1 to

I

/1 This function is expected to return true if the current instance
/1 is equal to the right hand side multi _pass instance

tenpl ate <typenane Milti Pass>

static bool equal _to(MiltiPass const& np, MiltiPass consté& rhs)

/'l less_than is called whenever nulti_pass::operator<() is invoked
I

/1 np: is areference to the whole nulti_pass instance
/1 rhs: is the nulti_pass reference this instance is conpared
/1 to
I
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/1 This function is expected to return true if the current instance
/'l is less than the right hand side nulti_pass instance

tenpl ate <typenane Milti Pass>

static bool less_than(MiltiPass const& np, MiltiPass const& rhs);

I

/1l Value is the sane type as typenane Milti Pass::val ue_type
tenpl ate <typenane Val ue>
struct shared {};

It is possible to derive the struct uni que from thetypeboost : : spirit::detail::default_storage policy. Thistypeim-
plements a minimal sufficient interface for some of the required functions, simplifying the task of writing a new storage policy.

This class may implement afunction dest r oy() being called during destruction of the last copy of anul ti _pass. Thisfunction
should be used to free any of the shared data items the policy might have allocated during construction of itsshar ed part. Because
of theway nul ti _pass isimplemented any allocated data membersin shar ed should not be deep copied in a copy constructor of
shar ed.

Generally, a St or agePol i cy isthetrickiest policy to implement. You should study and understand the existing St or agePol i cy
classes before you try and write your own.

The line position iterator

Theline_pos_iterator isalightweight line position iterator. This iterator adapter only stores the current line number, nothing
else. Unlike Spirit.Classic's posi tion_iterat or, it does not store the column number and does not need an end iterator. The
current column can be computed, if needed.

Class Reference

tenmpl ate <cl ass Iterator>
class line_pos_iterator : public boost::iterator_adaptor<
line_pos_iterator<lterator> // Derived

Iterator /'l Base
boost : : use_defaul t /'l Val ue
, boost::forward_traversal tag // CategoryOr Traversal

> {
public:

line_pos_iterator();

explicit line_pos_iterator(lterator);

std::size_t position() const;
private:

friend class boost::iterator_core_access;
void increment();

std::size t line; // The line position.
typename std::iterator_traits<lterator>::value_type prev;

get_line

tenpl ate <class Iterator>
inline std::size_t get_line(lterator);
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Get the line position. Returns -1 if Iterator isnot al i ne_pos_iterator.

get_line_start

tenpl ate <class Iterator>
inline Iterator get_line_start(lterator |ower_bound, Iterator current);

Get an iterator to the beginning of the line. Applicable to any iterator.

get_current_line

tenpl ate <class Iterator>

inline iterator_range<lterator>

get _current_line(lterator |ower_bound, lterator current,
I'terator upper_bound);

Getanit erat or _r ange containing the current line. Applicable to any iterator.

get_column

tenpl ate <class Iterator>
inline std::size_t get_colum(lterator |ower_bound, Iterator current,
std::size_t tabs = 4);

Get the current column. Applicable to any iterator.

The utree data structure

ut r ee isadynamically-typed hierarchical data structure that can represent abstract syntax trees. It's well integrated with Spirit.Qi
and Spirit.Karma. ut r ee can be passed as an attribute to almost any grammar. ut r ee'stype system isimplemented through the use
of adiscriminated union and type punning.

ut r ee has aminimal memory footprint. The data structure size is 16 bytes on a 32-bit platform, and 32 bytes on 64-bit a platform
(4*si zeof (voi d*) ). Being a container of itself, it can represent tree structures.

Each instance of an ut r ee data structure can store exactly one of the following data types at atime:
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struct utree_type

the utree has not been initialized (it's
default constructed)

nil is the sentinel (enpty) utree type

A doubly linked I'ist of utrees.

A range of list::iterators.

A reference to another utree.

A pointer or reference to any C++ type

A utree holding a stored_function<F> object,
where F is an unary function object taking a
utree as it's paraneter and returning a
utree

An utree holding a bool ean val ue
An utree holding a integer (int) value
An utree holding a floating point (double) value

An UTF-8 string
A pair of iterators into an UTF-8 string
An UTF-8 synbol nane

Arbitrary binary data

t ypedef boost::uint_t<sizeof (info)*8>: :exact exact_integral _type
t ypedef boost::uint_t<sizeof(info)*8>: :fast fast_integral _type

{
enuminfo
{
i nvalid_type, /1
I
nil_type, /1
list_type, /1
range_type, /1
ref erence_t ype, /1
any_type, /1
function_type, /1
I
I
I
/'l nuneric atons
bool _type, /1
int_type, /1
doubl e_t ype, /1
/1l text atons (utf8)
string_type, /1
string_range_type, [/
synbol _type, /1
bi nary_type /1
b
b

The UTF-8 string, UTF-8 symbol, and binary datatypesareinternally stored either directly asthe node data (small string optimization
applied), or they are allocated from the heap, storing the pointer to the allocated data in the ut r ee. The maximum possible length
of the datato be stored in the node data depends on the platform the ut r ee is compiled for. It is 14 bytes for a 32-bit platform and

30 bytes for a 64-hit platform.

Class Reference

Theut r ee datastructureisvery versatile and can be used as an attribute for all possible Spirit.Qi parsersand Spirit.Karma generators.

For this reason, it exposes a set of typedef's making it compatible with STL containers:

t ypedef
t ypedef
t ypedef
t ypedef
t ypedef

t ypedef
t ypedef

The ut r ee data type exposes the functional interface of a bidirectional STL container. The iterators returned from begi n() et.al.

utree val ue_type
utree& reference

utree const& const_reference;
std::ptrdiff_t difference_type

std::size_t size_type;

detail::list::node_iterator<utree> iterator
detail::list::node_iterator<utree const> const_iterator

conform to the Standard requirements of a bidirectional iterator.
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// STL Container interface

/'l insertion

tenpl ate <class T>

voi d push_back(T const &) ;

tenpl ate <class T>

voi d push_front(T const &) ;

tenpl ate <class T>

iterator insert(iterator, T constg&);

tenpl ate <class T>

void insert(iterator, std::size_t, T const&);
tenpl ate <class lterator>

void insert(iterator, Iterator, lterator);

/'l erasure

voi d pop_front();

voi d pop_back();

iterator erase(iterator);

iterator erase(iterator, iterator);

/'l front access

reference front();

const _reference front() const;
iterator begin();

const _iterator begin() const;
ref _iterator ref_begin();

/'l back access

ref erence back();

const _reference back() const;
iterator end();

const _iterator end() const;
ref _iterator ref_end();

The exposed container interface makes the ut r ee usable with all Spirit.Qi parser and Spirit.Karma generator components, which
are compatible with an STL container attribute type.

A ut r ee can be constructed or initialized from a wide range of data types, allowing to create ut r ee instances for every possible
node type (see the description of ut ree_t ype: : i nf o above). For this reason it exposes a constructor and an assignment operator
for each of the allowed node types as shown below. All constructors are non-explicit on purpose, allowing to use an utree instance
as the attribute to almost any Qi parser.
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/1 This constructs an “invalid_type node. Wen used in places

/'l where a boost::optional is expected (i.e. as an attribute for the
/'l optional conponent), this represents the 'enpty' state.
utree(invalid_type = invalid_type());

/1 This initializes a "nil_type' node, which represents a valid,
/1 "initialized enpty' utree (different frominvalid_type!).
utree(nil _type);

reference operator=(nil _type);

/1 This initializes a "boolean_type' node, which can hold 'true' or
/1 'false' only.

explicit utree(bool);

ref erence operator=(bool);

/1 This initializes an “integer_type node, which can hold arbitrary
/'l integers. For conveni ence these functions are overl oaded for signed
/1 and unsigned integer types.

utree(unsigned int);

utree(int);

ref erence operator=(unsigned int);

reference operator=(int);

/1 This initializes a "double_type node, which can hold arbitrary
/1 floating point (double) val ues.

utree(doubl e);

ref erence operator=(doubl e);

/1 This initializes a “string_type node, which can hold a narrow
/'l character sequence (usually an UTF-8 string).

utree(char);

utree(char const*);

utree(char const*, std::size_t);

utree(std::string consté&);

ref erence operator=(char);

ref erence operator=(char const*);

reference operator=(std::string constg&);

/1 This constructs a “string_range_type node, which does not copy the
/1 data but stores the iterator range to the character sequence the

/'l range has been initialized from

utree(utf8_string_range_type consté& shallow_ tag);

/1 This initializes a "reference_type node, which holds a reference to
/1 another utree node. Al operations on such a node are autonatically
/'l forwarded to the referenced utree instance.

utree(boost: :reference_w apper<utree>);

ref erence operator=(boost::reference_w apper<utree>);

/1 This initializes an “any_type' node, which can hold a pointer to an
/'l instance of any type together with the typeid of that type. Wen

/1 accessing that pointer the typeid will be checked, causing a

/1 std::bad_cast to be thrown if the typeids do not match.
utree(any_ptr constg&);

ref erence operator=(any_ptr const&);

/1 This initializes a "range_type node, which holds an utree |ist node
/'l the elenents of which are copy constructed (assigned) fromthe

/1 elements referenced by the given range of iterators.

tenpl ate <class lterator>

utree(boost::iterator_range<lterator>);

tenpl ate <class lterator>

reference operator=(boost::iterator_range<lterator>);
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/1 This initializes a “function_type node froma pol ynorphic function
/1 object pointer (takes ownership) or reference.

utree(functi on_base const&);

ref erence operator=(function_base const &)

utree(functi on_base*);

ref erence operator=(function_base*)

/1 This initializes either a “string_type, a ~synbol _type, or a

/1 “binary_type node (depending on the tenplate paraneter “type_ "),

/1 which will hold the correspondi ng narrow character sequence (usually
/1 an UTF-8 string).

tenpl ate <cl ass Base, utree_type::info type_>

utree(basi c_string<Base, type_> const&)

tenpl ate <cl ass Base, utree_type::info type_>

ref erence operator=(basic_string<Base, type_> const&)

The ut r ee data type exposes the functional interface compatible to Boost.Variant as well. Its very nature is to hold different data
types, one at each point in time, making it functionally very similar to Boost.Variant.

/] return the data type (‘utree_type::info’) of the currently stored
/] data item
utree_type::info which() const;

/1 access the currently stored data in a type safe manner, this wll
/1 throw a “std::bad_cast()"” if the currently stored data itemis not
/] default convertible to " T

tenpl ate <class T>

T get() const;

The exposed variant-like interface makes the ut r ee usable with al Spirit.Qi parser and Spirit.Karma generator components, which
are compatible with an Boost.Variant attribute type.

String Types

Theut r ee string types described below are used by the ut r ee API only. These are not used to storeinformationin the ut r ee itself.
Their purpose is to refer to different internal ut r ee node types only. For instance, creating a ut r ee from a binary data type will
create abi nary_t ype utree node (see above).

The binary data type can be represented either verbatim as a sequence of bytes or asapair of iterators into some other stored binary
data sequence. Use this string type to access/create abi nary_t ype utr ee.

t ypedef basic_string<
boost::iterator_range<char const*> utree_type::binary_type
> bi nary_range_type
t ypedef basic_string<
std::string, utree_type::binary_type
> binary_string_type

The UTF-8 string can be represented either verbatim as a sequence of charactersor asapair of iteratorsinto some other stored binary
data sequence. Use this string type to access/create ast ri ng_t ype ut r ee.

typedef basic_string<
boost::iterator_range<char const*> utree_type::string_type
> utf8_string_range_type;
typedef basic_string<
std::string, utree_type::string_type
> utf8_string_type;
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The UTF-8 symbol can be represented either verbatim as a sequence of characters or as a pair of iterators into some other stored
binary data sequence. Use this string type to access/create asynbol _t ype utr ee.

t ypedef basic_string<
boost: :iterator_range<char const*> utree_type::synbol _type
> utf8_synbol _range_type;
t ypedef basic_string<
std::string, utree_type::synbol _type
> utf8_synbol _type;

Function Object Interface

The stored_function template class can to store a unary function objects with a signature of utree(scope const& ) as a utree node.

struct function_base

{
virtual ~function_base() {}
virtual utree operator()(utree const& env) const = 0
virtual utree operator()(utree& env) const = 0
/1 Calling f.clone() nmust return a newly allocated function_base
/'l instance that is equal to f.
virtual function_base* clone() const = 0
b

tenpl ate <typenane F>
struct stored_function : function_base

{
F f;
stored_function(F f = F());
virtual ~stored_function();
virtual utree operator()(utree const& env) const;
virtual utree operator()(utree& env) const;
virtual function_base* clone() const;

b

tenpl ate <typenane F>
struct referenced_function : function_base

{
F& f;
referenced_function(F& f)
virtual -~referenced_function()
virtual utree operator()(utree const& env) const;
virtual utree operator()(utree& env) const;
virtual function_base* clone() const;

b

Exceptions

All exceptions thrown by utree are derived from utree_exception.
struct utree_exception : std::exception {}

The bad_t ype_excepti on isthrown whenever somebody calls a member function, which applies to certain stored utree_type's
only, but this precondition is violated as the ut r ee instance holds some other type.

struct bad_type_exception /*: utree_exception*/;
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Theenpty_excepti on isthrown whenever a precondition of alist or range utree method is violated due to thelist or range being
empty.

struct enpty_exception /*: utree_exception*/;

Example: Sexpr Parser

Our first example demonstrates how to use ut r ee to write aparser for symbolic expressions. Whileut r ee is capable of representing
just about any AST, ut r ee'sdesign is based on the simple yet powerful nature of symbolic expressions. This example introduces a
number of basic and intermediate ut r ee devel opment techniques: using Sirit.Qi and Spirit.Kar ma integration, tracking source code
locations and taking advantage of UTF8 support.

The source for this example can be found here: ../../example/support/utree.

nanespace sexpr

{

tenpl ate <typenane Iterator, typenanme ErrorHandl er = error_handl er<lterator> >
struct parser : qi::grammar<lterator, utree(), whitespace<lterator> >
{
gi::rule<lterator, utree(), whitespace<iterator> >
start, elenment, |ist;

gi::rule<lterator, utree()>
at om

gi::rule<lterator, int()>
i nteger;

gi::rule<lterator, utf8_synbol _type()>
symnbol ;

gi::rule<lterator, utree::nil_type()>
ni |

gi::rule<lterator, binary_string type()>
bi nary;

utf8::parser<lterator>
string;

px: : function<ErrorHandl er> const
error;

tagger<lterator, save_line_pos>
pos;

parser(std::string const& source_file = "<string>")

parser: :base_type(start), error(ErrorHandl er(source_file))
{

usi ng standard: : char_;

using qi::unused_type;

using qi:: | exene;

usi ng qi:: hex;

using qi::oct;

usi ng Qi ::no_case;

using qi::real _parser

using qi::strict_real _policies;

usi ng qi::uint_parser

usi ng qi:: bool _parser

using qi::on_error;
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};

using qi::fail

using qi::int_;
using qi::lit;
using qi::_val;
using qi::_1;
using qi::_2;
using qi::_3;
using qi::_4;

real _parser<double, strict_real _policies<double> > strict_double
ui nt _par ser <unsi gned char, 16, 2, 2> hex2
bool _parser<bool, sexpr::bool i nput_policies> bool ean

start = elenent.alias();
element = atom| Iist;
list = pos(_val, '"(') > *elenent >

atom= nil _
strict_double
i nt eger

bool ean
string

synbo

bi nary;

nil_=qi::attr_cast(lit("nil"))

i nt eger | exeme|[ no_case["#x"] >

e

= hex]
| lexene[ no_case["#0"] >> oct]
|

| exeme[ -no_case[ "#d"] >> int_];

std::string exclude = std::string("
synbol = | exenme[ +(~char _(excl ude))]

binary = lexene['# > *hex2 > '"#'];

start. nane("sexpr");

el ement . name("el enent ") ;
list.name("list");

atom nane("atont');
nil_.name("nil")

i nteger. nane("integer");
synbol . name( " synbol ")

bi nary. name("bi nary")

on_error<fail>(start, error(_1, _2,

} Il sexpr

();V"\x01-\ x2f\x7f") + "\0O'

’

3

_4));
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Spirit FAQ

I'm getting multiple symbol definition errors while using Visual C++. Anything
| could do about that?

Do you see strange multiple symbol definition linker errorsmentioning boost : : npl : : fai | ed andboost: :spirit::qgi::rule?
Then this FAQ entry might be for you.

Boost.Mpl implements a macro BOOST_MPL_ASSERT_MsGE ) which essentialy is a more powerful version of static_assert. Unfor-
tunately under certain circumstances using this macro may lead to the aforementioned linker errors.

Spirit allows you to define a preprocessor constant disabling the usage of BOOST_MPL_ASSERT_MSQ ), while switching to
BOOST_STATI C_ASSERT() instead. For that you need define BOOST_SPIRIT_DONT_USE_MPL_ASSERT_MSG=1. Do thisby
adding

- DBOOST_SPI RI T_DONT_USE_MPL_ASSERT_MSG-=1
on the compiler command line or by inserting a

#def i ne BOOST_SPI Rl T_DONT_USE_MPL_ASSERT_MSG 1

into your code before any Spirit headers get included.

Using thistrick has no adverse effects on any of thefunctionality of Spirit. The only change you might see while using thisworkaround
isless verbose error messages generated from static_assert.

I'm very confused about the header hell in my boost/spirit directory. What's
all this about?

The boost/spirit directory currently holds two versions of the Spirit library: Spirit.Classic (former V1.8.x) and SpiritV2. Both are
completely independent and usually not used at the same time. Do not mix these two in the same grammar.

Soirit.Classic evolved over yearsin afairly complex directory structure:

boost/spirit/actor
boost/spirit/attribute
boost/spirit/core
boost/spirit/debug
boost/spirit/dynam c
boost/spirit/error_handling
boost/spirit/iterator
boost/spirit/ meta
boost/spirit/symnbol s
boost/spirit/tree
boost/spirit/utility

While introducing Spirit V2 we restructured the directory structure in order to accommodate two versions at the same time. All of
Soirit.Classic now livesin the directory

boost/spirit/home/cl assic

where the directories above contain forwarding headers to the new location allowing to maintain application compatibility. The
forwarding headersissue awarning (starting with Boost VV 1.38) telling the user to change their include paths. Please expect the above
directories/forwarding headers to go away soon.
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This explains the need for the directory

boost/spirit/include

which contains forwarding headers as well. But this time the headers won't go away. We encourage application writers to use only
theincludes contained in thisdirectory. Thisallows usto restructure the directories underneath if needed without worrying application
compatibility. Please use those files in your application only. If it turns out that some forwarding file is missing, please report this
asabug.

Spirit V2 isnot about parsing only anymore (as Spirit.Classic). It now consists out of 3 parts (sub-libraries): Spirit.Qi, Spirit.Karma,
and Spirit.Lex. The header files for those live in

boost/spirit/home/q
boost/spirit/home/ karma
boost/spirit/home/l ex

and have forwarding headersin
boost/spirit/include

Soirit.Qi isthe direct successor to Spirit.Classic as it implements a DSEL (domain specific embedded language) allowing to write
parsers using the syntax of C++ itself (parsersin the sense turning a sequence of bytesinto an internal data structure). It is not com-
patible with Spirit.Classic, the main concepts are similar, though.

Soirit.Karma isthe counterpart to Spirit.Qi. It implements asimilar DSEL but for writing generators (i.e. the things turning internal
data structures into a sequence of bytes, most of the time - strings). Spirit.Karma is the Yang to Suirit.Qi's Yin, it's aimost like a
mirrored picture.

Soirit.Lex is (as the name implies) alibrary allowing to write lexical analyzers. These are either usable stand alone or can be used
as afront end for Soirit.Qi parsers. If you know flex you shouldn't have problems understanding Spirit.Lex. This library actually
doesn't implement the lexer itself. All it does is to provide an interface to pre-existing lexical analyzers. Currently it's using Ben
Hansons excellent Lexertl library (proposed for a Boost review, BTW) as its underlying workhorse.

Again, don't use any of the header files underneath the boost/spirit/home directory directly, always include files from the
boost/spirit/include directory.

Thelast bit missing is Boost.Phoenix (which currently still lives under the Spirit umbrella, but already has been accepted as a Boost
library, so it will move away). Boost.Phoenix is a library allowing to write functional style C++, which is interesting in itself, but
asit initially has been developed for Spirit, it is nicely integrated and very useful when it comes to writing semantic actions. | think
using the boost/spirit/include/phoenix_... headerswill be safe in the future aswell, aswe will probably redirect to the Boost.Phoenix
headers as soon as these are available.

Why doesn't my symbol table work in a no_case directive?

In order to perform case-insensitive parsing (usingno_case) withasymbol table (i.e. useasynbol s<> parserinano_case directive),
that symbol table needsto be filled with all-lowercase contents. Entries containing one or more uppercase characterswill not match
any input.

I'm getting a compilation error mentioning boost: : functi on @NA/OTr boost : : funct i ona.
What does this mean?

If you are using Visual C++ and have an error like:

error C2664: 'bool boost::function4<R T0, T1, T2, T3>::operator ()(TO,T1, T2, T3) const'
cannot convert paraneter 4 from'...' to
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or you are using GCC and have an error like:

error: no match for call to '(const boost::function<bool ()(...)>) (...)'
note: candidates are: ... boost::function4<R T1, T2, T3, T4>::operator()(TO, T1, T2, T3) const [with ...]

then this FAQ entry may help you.

The definition of a Rule or Grammar may contain a skip parser type. If it does, it means that non-terminal can only be used with a
skip parser of acompatible type. The error above arises when thisis not the caseg, i.e.

» anon-terminal defined with a skip parser type is used without a skip parser; for example, a rule with a skip parser typeis used
inside al exene directive, or agrammar with a skip parser typeisused in par se instead of phr ase_par se,

» or anon-terminal isused with a skip parser of an incompatible type; for example, arule defined with one skip parser type callsa
second rule defined with another, incompatible skip parser type.

S Note
The same appliesto Spirit.Karma, replacing 'skip parser' and | exene by 'delimit generator' and ver bat i m Simil-
arily, corresponding error messagesin Spirit.Karmareferenceboost : : f unct i on3 and the 3rd parameter (instead
of the 4th).
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Notes
Porting from Spirit 1.8.x

The current version of Spirit isacomplete rewrite of earlier versions (we refer to earlier versions as Spirit.Classic). The parser gen-
erators are now only one part of thewhole library. The parser submodule of Spirit isnow called Spirit.Qi. It is conceptually different
and exposes a completely different interface. Generally, there is no easy (or automated) way of converting parsers written for Spir-
it.Classic to Spirit.Qi. Therefore this section can give only guidelines on how to approach porting your older parsers to the current
version of Spirit.

Include Files
The overall directory structure of the Spirit directories is described in the section Include Structure and the FAQ entry Header Hell.
This should give you a good overview on how to find the needed header files for your new parsers. Moreover, each section in the

Qi Reference lists the required include files needed for any particular component.

It is possible to tell from the name of a header file, what version it belongs to. While all main include files for Spirit.Classic have
the string 'classic_' in their name, for instance:

#i ncl ude <boost/spirit/include/classic_core. hpp>
we named all main include files for Spirit.Qi to have the string 'qi_' as part of their name, for instance:
#i ncl ude <boost/spirit/include/qi_core. hpp>

The following table gives a rough list of corresponding header file between Spirit.Classic and Spirit.Qi, but this can be used as a
starting point only, as several components have either been moved to different submodules or might not exist in the never version
anymore. We list only include files for the topmost submodules. For header files required for more lower level components please
refer to the corresponding reference documentation of this component.

Includefilein Spirit.Classic Includefilein Spirit.Qi

cl assi c. hpp qgi . hpp

cl assic_actor. hpp

classic_attribute. hpp

cl assic_core. hpp
cl assi c_debug. hpp

cl assi c_dynam c. hpp

cl assi c_error_handling. hpp
cl assic_neta. hpp
cl assi c_synbol s. hpp

classic_utility. hpp

none, use Boost.Phoenix for writing semantic actions

none, use local variablesfor rulesinstead of closures, the prim-
itives parsers now directly support lazy parameterization

gi _core. hpp

gi _debug. hpp

none, use Yirit.Qi predicates instead of if _p, while p, for_p
(included by gi _cor e. hpp), the equivalent for lazy_p is now
included by gi _auxi | i ary. hpp

none, included in gi _cor e. hpp

none

none, included ingi _cor e. hpp

none, not part of Spirit.Qi anymore, these components will be
added over time to the Repository
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The Free Parse Functions

The free parse functions (i.e. the main parser APl) has been changed. This includes the names of the free functions as well as their
interface. In Spirit.Classic al free functions were named parse. In Soirit.Qi they are are named either qi:: parse or
qgi : : phrase_par se depending on whether the parsing should bedone using askipper (gi : : phr ase_par se) or not (gi : : par se).
All free functions now return asimple bool . A returned t r ue means success (i.e. the parser has matched) or f al se (i.e. the parser
didn't match). Thisisequivalent to theformer old par se_i nf o member hi t . Spirit.Qi doesn't support tracking of the matched input
length anymore. The old par se_i nf o member f ul | can be emulated by comparing the iterators after gi : : par se returned.

All code examplesin this section assume the following include statements and using directives to be inserted. For Spirit.Classic:

#i ncl ude <boost/spirit/include/classic. hpp>
#i ncl ude <boost/spirit/include/ phoenixl1. hpp>
#i ncl ude <i ostreanr

#i ncl ude <string>

usi ng nanespace boost::spirit::classic;
and for Spirit.Qi:

#i ncl ude <boost/spirit/include/qi.hpp>

#i ncl ude <boost/spirit/include/ phoeni x_operator. hpp>
#i ncl ude <i ostreanr

#i nclude <string>

#i ncl ude <al gorithne

usi ng namespace boost::spirit;
The following similar examples should clarify the differences. First the base examplein Spirit.Classic:

std::string input("1,1");

parse_info<std::string::iterator> pi = parse(input.begin(), input.end(), int_p);
if (pi.hit)

std::cout << "successful natch!\n";
if (pi.full)

std::cout << "full match!\n";
el se

std::cout << "stopped at: " << std::string(pi.stop, input.end()) << "\n";
std::cout << "matched length: " << pi.length << "\n";

And hereisthe equivalent piece of code using Spirit.Qi:
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std::string input("1,1");
std::string::iterator it = input.begin();
bool result = qi::parse(it, input.end(), qgi::int_);

if (result)
std::cout << "successful match!\n";

if (it == input.end())
std::cout << "full match!\n";
el se
std::cout << "stopped at: " << std::string(it, input.end()) << "\n";

/'l seldomy needed: use std::distance to calculate the Iength of the match
std::cout << "matched length: " << std::distance(input.begin(), it) << "\n";

The changesrequired for phrase parsing (i.e. parsing using a skipper) are similar. Here is how phrase parsing worksin Spirit.Classic:

std::string input(" 1, 1");

parse_info<std::string::iterator> pi = parse(input.begin(), input.end(), int_p, space_p);
if (pi.hit)
std::cout << "successful match!\n";
if (pi.full)
std::cout << "full match!\n";
el se
std::cout << "stopped at: " << std::string(pi.stop, input.end()) << "\n";
std::cout << "matched length: " << pi.length << "\n";

And here the equivalent example in Spirit.Qi:

std::string input(" 1, 1");

std::string::iterator it = input.begin();
bool result = qi::phrase_parse(it, input.end(), gi::int_, ascii::space);
if (result)

std::cout << "successful match!\n";

if (it == input.end())
std::cout << "full match!\n";
el se
std::cout << "stopped at: " << std::string(it, input.end()) << "\n";

/1 seldomy needed: use std::distance to calculate the Iength of the match
std::cout << "matched length: " << std::distance(input.begin(), it) << "\n";

Note, how character parsers are in a separate namespace (here boost: :spirit::ascii::space) as Sirit.Qi now supports
working with different character sets. See the section Character Encoding Namespace for more information.

Naming Conventions

In Spirit.Classic all parser primitives have suffixes appended to their names, encoding their type: " _p" for parsers, " _a" for lazy
actions, " _d" for directives, etc. In Spirit.Qi wedon't have anything similar. The only suffixes are single underscore letters" " applied
where the name would otherwise conflict with a keyword or predefined name (such asi nt _ for the integer parser). Overall, most,
if not all primitive parsers and directives have been renamed. Please see the Qi Quick Reference for an overview on the names for
the different available parser primitives, directives and operators.
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Parser Attributes

In Spirit.Classic most of the parser primitives don't expose a specific attribute type. M ost parsers expose the pair of iterators pointing
to the matched input sequence. Asin Spirit.Qi all parsers expose a parser specific attribute type it introduces a special directive
raw[] alowing to achieve a similar effect as in Spirit.Classic. Theraw ] directive exposes the pair of iterators pointing to the
matching sequence of its embedded parser. Even if we very much encourage you to rewrite your parsers to take advantage of the
generated parser specific attributes, sometimes it is helpful to get access to the underlying matched input sequence.

Grammars and Rules
Thegr ammar <> and r ul e<> types are of equal importance to Spirit.Qi asthey arefor Spirit.Classic. Their main purposeis till the
same: they allow to define non-terminals and they are the main building blocks for more complex parsers. Nevertheless, both types

have been redesigned and their interfaces have changed. L et'shave alook at two examplesfirst, we'll explain the differences afterwards.
Here isasimple grammar and its usage in Spirit.Classic;

struct roman : public gramar<roman>

{
tenpl ate <typenane Scanner T>
struct definition
{
definition(roman const& self)
hundr eds. add
("c* , 100)("cct , 200)("ccct , 300)("CD' , 400)("D' , 500)
("DC" , 600)("DcCC' , 700)("DcCCC' , 800)("CM , 900)
tens. add
("X, 10)("XX' o, 20)("XXX* o, 30)("XL" , 40)("L" , 50)
("LX" . 60) ("LXX" , 70)("LXXX" , 80)("XC' , 90)
ones. add
(1D 2 3) (V) (V)
("I 8 ("MLL (VLT 8 (X, 9)
first = eps_p [ phoeni x: :var(self.r) = phoenix::val (0)]
>> ( +ch_p('M) [phoenix::var(self.r) += phoenix::val (1000)]
|| hundreds [phoenix::var(self.r) += phoenix::_1]
|| tens [ phoeni x: :var(self.r) += phoenix::_1]
|| ones [ phoeni x: :var(self.r) += phoenix::_1]
)
}
rul e<ScannerT> first;
synbol s<unsi gned> hundr eds;
synbol s<unsi gned> tens
synbol s<unsi gned> ones
rul e<Scanner T> const & start() const { return first; }
b
roman(unsigned& r_) : r(r_) {}
unsi gnedé& r;
b
std::string input("MM X"); /1 MM X == 2009

unsi gned value = 0
roman r(val ue)

parse_info<std::string::iterator> pi = parse(input.begin(), input.end(), r)
if (pi.hit)
std::cout << "successfully matched: " << value << "\n";
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And hereisasimilar grammar and its usage in Spirit.Qi:

tenpl ate <typenane |terator>
struct roman : di::grammar<lterator, unsigned()>

{
roman() : roman::base_type(first)
hundr eds. add
("c* , 100)("cct , 200)("ccct , 300)("CD' , 400)("D' , 500)
("DC" , 600)("DcCC' , 700)("DcCCC' , 800)("CM , 900)
tens. add
("X, 10)("XXt o, 20)("XXX* o, 30)("XL" , 40)("L" , 50)
("LX" , 60) ("LXX" , 70)("LXXX" , 80)("XC' , 90)
ones. add
(1D 23 (V) (V)
("vi"rooe) (vt oyt 8 ("Xt 9 ;
/1 qi::_val refers to the attribute of the rule on the left hand side
first = eps [qgi::_val = 0]
>> ( +4lit("M) [qi::_val += 1000]
[| hundreds [qi::_val += qgi::_1]
|| tens [qi::_val += qgi::_1]
|| ones [qi::_val += qi::_1]
)
}
gi::rule<lterator, unsigned()> first;
gi : : synbol s<char, unsigned> hundreds;
gi : : synbol s<char, unsigned> tens
gi : : synbol s<char, unsi gned> ones
H
std::string input("MM X"); /1 MM X == 2009
std::string::iterator it = input.begin()

unsi gned value = 0
roman<std::string::iterator>r
if (qi::parse(it, input.end(), r, value))
std::cout << "successfully matched: " << value << "\n";

Both versions look similar enough, but we see several differences (we will cover each of those differences in more detail below):

* Neither the grammars nor the rules depend on a scanner type anymore, both depend only on the underlying iterator type. That
means the dreaded scanner businessis no issue anymorel!

» Grammars have no embedded classdef i ni ti on anymore
» Grammars and rules may have an explicit attribute type specified in their definition
» Grammars do not have any explicit start rules anymore. Instead one of the contained rules is used as a start rule by default.

The first two points are tightly interrelated. The scanner business (see the FAQ number one of Spirit.Classic here: The Scanner
Business) has been a problem for along time. The grammar and rule types have been specifically redesigned to avoid this problem
in the future. This also means that we don't need any delayed instantiation of the inner definition class in a grammar anymore. So
the redesign not only helped fixing along standing design problem, it helped to simplify things considerably.

All Spirit.Qi parser components have well defined attribute types. Grammars and rules are no exception. But since both need to be
generic enough to be usablefor any parser their attribute type hasto be explicitly specified. In the example abovether oman grammar
and therulefi r st both have anunsi gned attribute:
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/1 grammar definition
tenpl ate <typenane |terator>
struct ronman : qi::grammar<lterator, unsigned()> {...};

/'l rule definition
gi::rule<lterator, unsigned()> first;

The used notation resembles the definition of a function type. Thisis very natural as you can think of the synthesized attribute of
the grammar and the rule as of its 'return value'. In fact the rule and the grammar both ‘return’ an unsigned value - the value they
matched.

@ Note
The function type notation allows to specify parameters as well. These are interpreted as the types of inherited at-
tributes the rule or grammar expect to be passed during parsing. For more information please see the section about
inherited and synthesized attributes for rules and grammars (Attributes).

If no attribute is desired none needs to be specified. The default attribute type for both, grammarsand rules, isunused_t ype, which
isaspecial placeholder type. Generally, using unused_t ype asthe attribute of a parser isinterpreted as'this parser has no attribute'.
This is mostly used for parsers applied to parts of the input not carrying any significant information, rather being delimiters or
structural elements needed for correct interpretation of the input.

The last difference might seem to be rather cosmetic and insignificant. But it turns out that not having to specify which rulein a
grammar isthe start rule (by returning it from the function st ar t () ) also means that any rulein agrammar can be directly used as
the start rule. Nevertheless, the grammar base class gets initialized with the rule it has to use as the start rule in case the grammar
instanceis directly used as a parser.

Style Guide

At some point, especially when there are lots of semantic actions attached to various points, the grammar tends to be quite difficult
to follow. In order to keep an easy-to-read, consistent and aesthetically pleasing ook to the Spirit code, the following coding style
guideis advised.

This coding style is adapted and extended from the ANTLR/PCCTS style and Boost Library Requirements and Guidelines and is
the combined work of Joel de Guzman, Chris Uzdavinis, and Hartmut Kaiser.

* Rule names use std C++ (Boost) convention. The rule name may be very long.

The'="is neatly indented 4 spaces below. Like in Boost, use spaces instead of tabs.
» Breaking the operands into separate lines puts the semantic actions neatly to the right.
 Semicolon at the last line terminates the rule.

» The adjacent parts of a sequence should be indented accordingly to have al, what belongsto one level, at one indentation level.

pr ogr am
= program headi ng [ headi ng_acti on]
>> bl ock [ bl ock _action]
>> !
| anot her _sequence
>> etc

* Prefer literals in the grammar instead of identifiers. e.g. " pr ogr ant' instead of PROGRAM ' >=' instead of GTEand ' . ' instead
of DOT. Thismakesit much easier to read. If thisisn't possible (for instance where the used tokens must beidentified through integers)
capitalized identifiers should be used instead.
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 Breaking the operands may not be needed for short expressions. e.g. *(',' >> file_identifier) aslong astheline does
not exceed 80 characters.

« If asequencefits on oneline, put spaces inside the parentheses to clearly separate them from the rules.

program headi ng
= no_casel "prograni']
>> jdentifier

>> (!

>> file_ identifier

>> *( )" >>file_identifier )
>> ')

>>

» Nesting directives: If arule does not fit on one line (80 characters) it should be continued on the next line intended by one level.
The brackets of directives, semantic expressions (using Phoenix or LL lambda expressions) or parsers should be placed asfollows.

identifier
= no_case

[
| exene
[

alpha >> *(alnum | ' _") [id_action]

]

]

» Nesting unary operators (e.g.Kleene star): Unary rule operators (Kleenestar,' ! ' ,' +' etc.) should be moved out one space before

the corresponding indentation level, if this rule has a body or a sequence after it, which does not fit on on line. This makes the
formatting more consistent and movestherule 'body' at the same indentation level astheruleitsalf, highlighting the unary operator.

bl ock

- %

( | abel _decl arati on_part

| constant _definition_part

| type_definition_part

| vari abl e_decl arati on_part

| procedur e_and_functi on_decl arati on_part
)

>

> statenent _part
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Rationale

Naming

Why use the name " Spirit", "Qi" and "Karma'? Because xpressive names have a better spirit, brings qi to your software and will
enhance your karma so they can heal your (con)fusion and make you wave like a phoenix from the ashes. (Joachim Faulhaber)

Type Erasure: From static to dynamic C++

Rules straddl e the border between static and dynamic C++. In effect, arule transforms compil e-time polymorphism (using templ ates)
into run-time polymorphism (using virtual functions). Thisis necessary due to C++'sinability to automatically declare a variable of
a type deduced from an arbitrarily complex expression in the right-hand side (rhs) of an assignment. Basically, we want to do
something like:

T rule = an_arbitrarily_conpl ex_expression;

without having to know or care about the resulting type of the right-hand side (rhs) of the assignment expression. This can be done
with modern C++ Ox compilers using aut o:

auto rule = an_arbitrarily_conpl ex_expression;

Apart from this, we also need afacility to forward declare an unknown type:
T rul e;
rule = a | b;

These limitations lead us to this implementation of rules. This comes at the expense of the overhead of atype-erased call whichis
an indirect function call that connot be inlined, once through each invocation of arule.

Multiple declaration

Some BNF variants allow multiple declarations of arule. The declarations are taken as alternatives. Example:

isequivalent to:

Spirit v1.3 alowed this behavior. However, the current version of Spirit no longer allows this because experience shows that this
behavior leads to unwanted gotchas (for instance, it does not allow rules to be held in containers). In the current release of Spirit, a
second assignment to a rule will simply redefine it. The old definition is destructed. This follows more closely C++ semantics and
ismore in line with what the user expects the rule to behave.

Sequencing Syntax

The comma operator asina, b seemsto be a better candidate, syntax-wise. But then the problem is with its precedence. It has the
lowest precedence in C/C++, which makes it virtually useless.

Bjarne Stroustrup, in his article "Generalizing Overloading for C++2000" talks about overloading whitespace. Such afeature would
allow juxtapositioning of parser objects exactly aswedo in (E)BNF (e.g. ab | cinstead of a>> b | ¢). Unfortunately, the article was
dated April 1, 1998. Oh well.
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Forward iterators

In general, the expected iterator is at least a standard conforming forward iterator. Forward iterators are needed for backtracking
where the iterator needs to be saved and restored later. Generally speaking, Spirit is a backtracking parser. The implication of this
isthat at some point, the iterator position will have to be saved to alow the parser to backtrack to a previous point. Thus, for back-
tracking to work, the framework requires at least aforward iterator.

Thereareremedies of course. In caseswherewe need to useinput iterators, you canusethenul ti _pass iterator to maketheforward
iterators.

Some parsers might require more specialized iterators (bi-directional or even random access). Perhaps in the future, deterministic
parsers when added to the framework, will perform no backtracking and will need just a single token lookahead, hence will require
input iterators only.

Exhaustive backtracking and greedy RD

Spirit doesn't do exhaustive backtracking like regular expressions are expected to. For example:
*char_('a') >> char_('a');

will always fail to match because Spirit's Kleene star does not back off when the rest of the rule fails to match.

Actualy, there's a solution to this greedy RD problem. Such a schemeis discussed in section 6.6.2 of Parsing Techniques: A Prac-
tical Guide. Thetrick involves passing atail parser (in addition to the scanner) to each parser. The start parser will then simply be:

start >> end;

(end isthe start'stail).

Spirit is greedy --using straight forward, naive RD. It is certainly possible to implement the fully backtracking scheme presented
above, but there will be also certainly be a performance hit. The scheme will always try to match all possible parser paths (full
parser hierarchy traversal) until it reaches a point of certainty, that the whole thing matches or fails to match.

Backtracking and Greedy RD

Spirit is quite consistent and intuitive about when it backtracks and to where, although it may not be obvious to
those coming from different backgrounds. In general, any (sub)parser will, given the same input, always match
the same portion of the input (or fail to match the input at all). This means that Spirit is inherently greedy. Spirit
will only backtrack when a (sub)parser fails to match the input, and it will always backtrack to the next choice
point upward (not backward) in the parser structure. In other words abbjab will match " ab" , aswill a( bb| b) , but
(ab] a) b won't because the (ab| a) subparser will always matchthe' b' after the' a' if it isavailable.

--Rainer Deyke
Thisisthe very nature of Parsing Expression Grammar.

There's a strong preference on "simplicity with al the knobs when you need them" approach, right now. On the other hand, the
flexibility of Spirit makesit possible to have different optional schemes available. It might be possible to implement an exhaustive
backtracking RD scheme as an optional feature in the future.
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Spirit Repository

The Spirit repository is a community effort collecting different reusable components (primitives, directives, grammars, etc.) for
Soirit.Qi parsers and Spirit.Karma generators. All components in the repository have been peer reviewed or discussed on the Spirit
General List. For more information about the repository see here.
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