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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 vV2.5.2

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.
» Fixed #6253: 1 ex: : | exertl :: generate_stati c_df a compiler errorsif lexer haswchar_t as underlying stream type.

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

» Fixedaproblemincenter (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_queue isn't forwarded to the storage policy.

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
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):

#define BOOST_SPI RI T_USE_PHOENI X_V3 1
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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 same time, 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 isreserved for system usein C++.

The numeric parsers now alow 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. Here is an example:

int i =0
BOOST TEST(test attr("456", int [ val = 1], i) & i == 456);

Inthiscase val refersto the attribute value, whichispassed intothepar se() or phrase_par se() functions. Similar constructs
are now possible in Spirit.Karma as well:

int i = 123;
BOOST TEST(test("123", int [ 1 = wval], 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 (attri b) parser, the Sirit.Qi synbol 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).

Breaking Changes

The Spirit.Qi directiver 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 slowsdown compiletimealot. When BOOST_SPI Rl T_NO_PREDEFI NED_TERM NAL Sisdefined, the user instantiates
the terminals that he needs. So, instead of writing usi ng qi : : ui nt _ onewritesinstead: qi : : ui nt _t ype uint _.
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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 ¢c_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.

» Added the Spirit.Qi directiveas<T>[] (and itsstring specializationsas_stri ng[] andas_wst ri ng[]) enabling asignment of
container attribute types as awhole.

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

e InSirit.Qi, I'i t () can now be used for numeric literals as well.

» Thesynbol 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.
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e Thesynbol s<Attri b, 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 aproblem 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

e 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 1 : : t oken<> definition: the type of the token id. Thistype defaults
tostd::size_t.Any type used astheid type needs to be (explicitly) convertible from st d: : si ze_t.

* It'snow 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 |exer : lex::|exer<Lexer>
{
| exer ()
{
int_ = "[1-9][0-9]*";
this->sel f("INTIAL", "TARGETSTATE") = int_;
}

| ex::token def<int> int_;

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).

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

e lex::lit() hasbeenremoved.
Bug Fixes in Lex

» Fixed anissueinthe Lexer giving problemswhile assigning tokensto all lexer states at once. Thisisnow possible by simply using
"*" asthe state name. For instance thiswill add the tokenint_to al lexer states:

tenpl ate <typenane Lexer >

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

| ex::token def<int> int_;
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Spirit 2.5.2

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.

Spiritv2.4.1

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 Spirit.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).

Spirit V2.4
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 but e now takes an additional template parameter Domai n allowing to
better specialize the customization point for either gi : : 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: : domai n.

» Semantic actionsin Spirit.Qi now implicitly invokethe function pr e of the customizationpointtrai ts::transformattri bute
to convert the supplied attribute to the exposed attribute type, as needed. Thefunctionspost andf ai | of this customization point
are not invoked by this component (as this would not make any sense).

e Semantic actionsin Spirit.Karma now implicitly invoke the function pr e of the customization pointtraits::transform at -
tri 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.
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» 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 asarvaluein 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 (Boost V1.43.0)

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 att r _cast)
fail parsing. This change affects Qi only. See the description of thetrai ts: : transform at tri but e for more details.

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

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

» Added qi : : hol d alowing 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 gi : : | exene, except that it does not pre-skip.
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e Addedkar ma: : no_del i ni 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 therul 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.

» Congtructs like kar ma: : buf fer [ 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).

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

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

» Thedirectivekar ma: : omi t [] now does not accept an arbitrary attribute type anymore.

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

» Fixed kar ma: : rul 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

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

e Thefunctionl exer <>: :i ni t _df a() now takesasingle boolean parameter (which defaultstof al se) alowing 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 : : creat e_par ser andkar ma: : cr eat e_gen-
erator.

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

» The Spirit.Qi customization pointtrai ts: : push_back_cont ai ner now returns abool to report whether the item has been
added to the container.

» 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).
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* Itisnow possible to use Phoenix expressions as Spirit.Karma attributes.

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

* Added qgi : : nat 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.

e Fixedqi::repeat[] for unused attributes.

* Fixed rare compilation problemin kar nma: : repeat [ ] .

* Fixed sequencesin Spirit.Qi and Spirit.Karma to compile properly if the attribute isa (STL) container of (STL) containers.
» Fixedaprobleminl| ex: : t oken_def: : what .

* Fixed Sirit.Qi symbols not to match substrings anymore. Added qi : : synbol 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 : : phrase_nat ch set of API functionsnot tointernally 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 (Boost V1.41.0)
» Spirit is now based on the newest version of Boost.Proto

e gi::phrase_parse,qi::phrase_format now post-skip by default.

* karma::generate_delinitedandkarna::format_delintednow 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 i 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

* Removed gr anmar _def <>

* Removed functions nake_par ser () and make_gener at or ()

* Removed gi : : none and kar ma: : none

» Sequences and lists now accept a standard container astheir attribute

» The string placeholder terminal now can take other strings as its parameter (i.e. std::string)
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 All terminals taking literals now accept a (lazy) function object aswell

 All placeholdersfor terminalsand 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 the namespacesspi 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 rit anymore as they have been
moved to the character set namespaces, allowing to do proper character set handling based on the used namespace (asspirit: : as-
cii,etc)

e Theuint,ushort, ul ong, and byt e terminal placeholders have been renamedtoui nt _, ushort _,ul ong_,and byte_.
e qi::skip[] now re-enablesouter skipper if usedinside! exemne[ ]

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

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

e karma: :delimt[] 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_() etd., 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::lit () cannow be used to generate integer and floating point numbers

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

» Addedqi::attr() exposing itsimmediate parameter as its attribute.

» Added boolean parsers and generators (bool _,true_, f al se_).

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

» Almost al Karma generators how 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 rule initialization and assignment.

e Qi and Karmarulesnow do intrinsic attribute transformati on based on the attribute customization pointt rai 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.

» Theqi::int_spec, qi::real_spec, karma::int_spec, and karmareal_spec types do not exist anymore. These have been replaced with
gi::int_parser, gi::real_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 al 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.
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e Thelex::lexer_def class has been renamed to lex::lexer, while the original classlex::lexer does not exist anymore. Thissimplifies
the creation of lexers.

» Thelex::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 neke_I exer () has been removed.

» Thel ex: : tokeni ze_and_parse() andl 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.

e Thelex::lexertl_lexer,andlex::lexertl_token classes have been moved to the |l ex: : | exert| namespace and the
names have been changed to | ex: : I exertl:: | exer,l ex::lexertl::token. Thisasoappliestothel ex: : I exert_act -
or _lexer,andthestatic_l exertl_* family of types.

» Theclassl ex: : I exert| _t oken_set hasbeen removed. This functionality is now available from the lexer class.

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

e 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.

e Thechar () andstring() placeholderscan 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,
| ex::_eoi,lex::_state,lex::_val,andl ex::_pass (see Lexer Semantic Actions for more details).

» Added (lazy) support functions usablefrom theinside of lexer semantic actionswhileusing Phoenix: | ex: : more(),l ex: : 1 ess(),
and | ex: : | ookahead() (seeLexer Semantic Actions for more details).

* 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
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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 thedirectory $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 compatibility 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.
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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
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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:
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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 +char _(' 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
s
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 , "xnm'

)
Then, we name all our rules:

xm . name("xm");
node. nane( " node") ;

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

On Error

on_error declaresour error handler:

on_error<Action>(rul e, handler)

Thiswill specify what we will do when we get an error. We will

on_error<fail >
(
xm
, std::cout

<< val ("Error
<< 4
<< val (" here: \"")
<< construct<std::string>(_3,
<< wval ("\"")
<< std::endl

Expecting ")
I

2) Il

print out an error message using phoenix:

what failed?

iterators to error-pos, end

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

render

61

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

Action Description

fail Quit and fail. Return ano_match.

retry Attempt error recovery, possibly moving the iterator position.
accept Force success, moving the iterator position appropriately.
rethrow Rethrows the error.

r ul 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 Description

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

last The end of input.

error-pos The actual position of the iterator where the error occured.

what 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:

end_tag =
gy
> 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/qi/mini_xml_samples for
testing purposes. "4.toyxml" has an error iniit:

<f oo><bar ></ f oo></ bar >
Running the example with this gives you:

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

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.

first An iterator pointing to the start of input

| ast An iterator pointing to the end of input

Ch Character-class specific character type (See Character Class Types)

ch Character-class specific character (See Character Class Types)

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 c_st ri ng<T> where T isthe underlying character type of st r

t upl 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

63

render

httpo://www.renderx.com/


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

Y,

Spirit 2.5.2

Qi Parsers

Character Parsers

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
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
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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 