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Outline 

Å²ƘŀǘΩǎ Boost.Spirit? A short introduction 

ÅQi and Karma: The Yin and Yang of Parsing Input and Generating 
Output 

ÅScheme - the Minimalistic Power 

ÅThe Spirit RAD Framework 

ÅParsing and Generating S-Expressions 

ÅScheme Compiler and Interpreter 

ÅParsing and Generating Qi 

ÅInterpreting Qi 
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7ÈÁÔȭÓ Boost.Spirit? 

ÅA object oriented, recursive-descent parser and output 
generation library for C++ 
ÅImplemented using template meta-programming techniques 
ÅSyntax of Parsing Expression Grammars (t9DΩǎύ directly in C++, used 

for input and output format specification 
 

ÅA format driven input/output library 
 

ÅTarget grammars written entirely in C++ 
ÅNo separate tools to compile grammar 
ÅSeamless integration with other C++ code 
ÅImmediately executable 

 
ÅDomain Specific Embedded Languages for 
ÅToken definition (spirit::lex ) 
ÅParsing (spirit::qi ) 
ÅOutput generation (spirit::karma) 
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ÅCurrent version: Spirit V2.3 

ÅFully integrated with Boost SVN::trunk, released since V1.40 

ÅCode for this talk: Boost::SVN needed (or Spirit V2.4, to be 
released with Boost V1.44) 

ÅMailing lists: 

ÅSpirit mailing list: http://sourceforge.net/mail/?group_id=28447 

ÅWeb: 

Åhttp://boost -spirit.com/home 

Where to get the stuff 

BoostCon 2010 A Framework for RAD Spirit 
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7ÈÁÔȭÓ Boost.Spirit? 

Grammar Format Qi Karma 

Input Parse 
Parse 
Tree 

Transform 
Parse 
Tree 

Generate Output 

Å Provides two independent but well integrated 
components of the text processing transformation 
chain: Parsing (Qi) and Output generation (Karma) 
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ωGenerator Library 
ƺboost::spirit::karma  

ωLexer Library 
ƺboost::spirit:: lex  

ωParser library 
ƺboost::spirit:: qi  

ωFormer Spirit V1.8.x 
ƺboost::spirit::classic  

Classic Qi 

Karma Lex 

Library Structure 
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3ÐÉÒÉÔȭÓ Components 

ÅSpirit Classic (spirit::classic ) 
ÅCreate lexical analyzers (spirit:: lex ) 
ÅToken definition (patterns, values, lexer states) 
ÅSemantic actions, i.e. attach code to matched tokens 

ÅParsing Input (spirit ::qi ) 
ÅGrammar specification 
ÅToken sequence definition 
ÅSemantic actions, i.e. attaching code to matched sequences 
ÅParsing Expression Grammar (PEG) 
ÅError handling 

ÅGenerating Output (spirit::karma ) 
ÅFormat specification 
ÅToken sequence definition 
ÅSemantic actions, i.e. attaching code to sequences 
ÅInverse Parsing Expression Grammars (IPEG) 

ÅFormatting directives 
ÅAlignment, whitespace delimiting, line wrapping, indentation 
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THE YIN AND YANG OF  
PARSING INPUT AND GENERATING OUTPUT 
 

Qi and Karma 

B
o

o
st

C
o

n
 2

0
1

0 
A

 F
ra

m
e

w
o

rk
 f
o

r 
R

A
D

 S
p

ir
it

 

8 



Parsing Expression Grammars 

ÅFormal grammar for describing a formal language in 
terms of a set of rules used to recognize strings of this 
language 
ÅDoes not require a tokenization stage  
Å.ǳǘ ƛǘ ŘƻŜǎƴΩǘ ǇǊŜǾŜƴǘ ƛǘ 

ÅSimilar to regular expressions being added to the 
Extended Backus-Naur Form (EBNF) 
Å¦ƴƭƛƪŜ ό9ύ.bCΣ t9DΩǎ ŀǊŜ ƴƻǘ ŀƳōƛƎǳƻǳǎ 
ÅExactly one valid parse tree for each PEG 

ÅAny PEG can be directly represented as a recursive-
descent parser 
ÅDifferent Interpretation than EBNF 
ÅGreedy Loops 
ÅFirst come first serve alternates 9 
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Parsing Input 

ÅQi is a library allowing to flexibly parse input based on a given 
grammar (PEG) 
ÅΰtŀǊǎŜǊ ƎŜƴŜǊŀǘƻǊΨΣ ƛƴ ǘƘŜ ǾŜƛƴ ƻŦ ȅŀŎŎΣ ōƛǎƻƴΣ ŜǘŎΦ 
ÅCurrently generates recursive descent parsers, which perfectly map 

onto PEG grammars 
ÅA recursive descent parser is a top-down parser built from a set of 

mutually-recursive procedures, each representing one of the grammar 
elements 

ÅThus the structure of the resulting program closely mirrors that of the 
grammar it recognizes 

ÅElements: Terminals (primitives, i.e. plain characters, integer, etc.), non-
terminals, sequences, alternatives, modifiers (Kleene, plus, etc.) 

ÅQi defines a DSEL (domain specific embedded language) hosted 
directly in C++ 
ÅUsing operator overloading, expression templates and template 

meta-programming 

ÅInline grammar specifications can mix freely with other C++ code, 
allowing excellent integration of your data types 
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Infix Calculator Grammar 
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fact  ă integer / '('    expr     ')'  

term  ă fact     (('*'    fact) / ('/'    fact))*  

expr  ă term     (('+'    term) / (' - '    term ))*  

 

Using Parsing Expression Grammars: 
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Infix Calculator Grammar 
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using namespace boost::spirit;  

typedef  qi ::rule<std::string:: iterator > rule;  

rule fact, term, expr ;  

 

fact  =  int _    | '(' >> expr  >> ')' ;  

term  =  fact >> *(('*' >> fact ) | ('/' >> fact)) ;  

expr  =  term >> *(('+' >> term ) | (' - ' >> term)) ;  

Using Qi: 
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Generating Output 

ÅKarma is a library allowing to flexibly generate arbitrary character 
(byte) sequences 

ÅBased on the idea, that a grammar usable to parse an input sequence 
may as well be used to generate the very same sequence in the 
output 

ÅFor parsing of some input most programmers use hand written code 
or parser generator tools 

ÅbŜŜŘ ǎƛƳƛƭŀǊ ǘƻƻƭǎΥ Ψunparser ƎŜƴŜǊŀǘƻǊǎΩ 

 

ÅKarma is such a tool 

ÅInspired by the StringTemplate library (ANTLR) 

ÅAllows strict model-view separation (Separation of format and data) 

ÅDefines a DSEL (domain specific embedded language) allowing to 
specify the structure of the output to generate in a language derived 
from PEG 13 
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RPN Expression Format 
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ast_node   Ą  integer /  bin_node  / u_node 
bin_node   Ą  ast_node     ast_node     bin_code  
u_node    Ą  '('    ast_node     u_code    ')'  
bin_code  Ą      ' +'  / ' - ' / ' *' / ' /'  
u_code    Ą      '+'  / ' - '  

Using Inverse Parsing Expression Grammars: 
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RPN Expression Format 
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using namespace boost::spirit;  

typedef  karma::rule< output_iterator > rule;  

rule ast_node , bin_node , u_node, bin_code , u_code;  

 
ast_node   =  int _    | bin_node  | u_node;  
bin_node   =  ast_node  << ast_node  << bin_code ;  
u_node    =  '(' << ast_node  << u_code << ')';  
bin_code  =  lit( ' +') | ' - ' | ' *' | ' /';  
u_code    =  lit ( ' +')  | ' - ';  

Using Karma: 
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Spirit versus PEG Operators 
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Description PEG Spirit 

Sequence a b 
Qi: a >> b 

Karma: a << b 

Alternative a / b a | b 

Zero or more (Kleene) a* *a 

One or more a+ +a 

And-predicate &a &a 

Not-predicate !a !a 

Optional a? -a 
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