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Technical side of bridging

Javier Cánovas, Integrating APIs in the modeling realm,
http://modeling-languages.com/integrating-apis-in-model-driven-engineering/

http://jlcanovas.es/
http://jlcanovas.es/
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To summarise
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! Real world is shared

! Models Grammars 
everywhere

! Reuse across TSs

! Methodology sharing
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Grammars
in a broad sense

Paul Klint, Ralf Lämmel, Chris Verhoef, Toward an Engineering Discipline for Grammarware, ACM 
TOSEM 14(3), 2005.
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Grammars in history

! Panini (IV BC)

! Ashtadhyayi grammar

! Chomsky (1956)

! hierarchy of grammars

! Backus (1959), Naur (1963), Wirth (1977)

! notation for grammars





Grammars in SE

! Definitions of languages

! Finite definitions

! of infinite languages

! Focus on sets of strings (“words”)

! Also, rewriting systems

! Analytic or generative



Identifier 8 and Variablgisl 

Subscripted Variables and Arrays 
Ic1. 

(el) :z (ar exp) a?: 4e.Q ,<ar exp> 

(eubscr var):= (id) t(el)j 

(blank):z (the null string of characters) 

(ppel) :% <blank) ZR <p:ppe1)4r exp)  , 
6.1) :z @pel) tS &el), ZZ&el) , Car ex* 

(array) :I <id) r(pe1) 

(see below for definition of (ar *exp)) 

Parameters, Functions and Pure Function8 

(n& (any character other than P quote mark I ! )  

(arb) :Z (nq) =4rb)(nq> 
(quoted string):% l1 <arb) t t  

&aram):=<exp)G <quoted string) tJF (array)15F(pure function) 

at cure procedure) 

&arorn list):z(param) ?iir @*am l id ) ,  (param> 

<function) := (id) ( (parah list) ) 

Arithmetic Exprea dons, Boolean Expressions, and Expres dons 

<factor)z - (number) ZFr <function) br &miable) Gubscr var) 

or (car exp)) 5f (factor) l\(ar exp)h 

(ar exp ~):~,/'ar. exp) 
:s ~ ~ ~ K r ~ i T i r ~ E =  5? 4 .  

( car exp) (relation (ar exp A ) )  
0 1 peel ?j? eunction) o? 

'2Pr--q<bool term) 
(variable) o? t$ubscr var)Tr ((bool exp)) 

(bod exp) (bod term>7ii (boo1 ex$ V(boo1 term) 
G? @ool e x p )  /((boa1 term) EF 

(bool exp)s(bool term) 

Assignment Statements 

(left (variable) +ubscr var) 
(assnmt atmt) :z Qeft element) :? (exp) 

go to Statements and Designational Expressions 

(desig exp):% (id) ($nteteger) Z? ~d)(l(exp)] 
(go to stmt):: g o  - to (desig exp) 

if Statements 
-.I 

& clause):z if (boo1 exp) 
("I& stmt):~ &if clause) ; &mt) 

for Statements 
111- 

(el):s (ar exp) ?Z (el) , (ar exp) 
(unsigned exp):z Germ) 5'F4nsigned -bxp)* + (term) 

8l! (unsigned exp) - e r m )  

John Backus, The Syntax and Semantics of the Proposed IAL. ICIP, 1960.



1.5 Greibach normal form

Problem 5. Is it true that for every Boolean grammar there exists a Boolean grammar
in Greibach normal form that generates the same language?

For a small special case, the question has been answered affirmatively:

Theorem 5 (Okhotin, Reitwießner [7]). For every conjunctive grammar over a unary
alphabet there exists and can be effectively constructed a conjunctive grammar in Greibach
normal form generating the same language.

One previously given advice must be revoked. It was suggested to try the following

language:

The question whether the language {anb2n | n � 1} can be represented by a
Boolean grammar in Greibach normal form might be a good starting point in
approaching Problem 5. The answer to this question is likely negative, and a
negative solution to the problem can be thus obtained.

Surprisingly, there exists a conjunctive grammar for this language:

Example 3. The following conjunctive grammar generates the language {anb2n | n � 0}:

S → aSB&AB | b
A → aA | ε
B → B1 | B2

B1 → B1B3&B2B2 | b
B2 → B1B1&B2B6 | bb
B3 → B1B2&B6B6 | bbb
B6 → B1B2&B3B3

Each nonterminal Bi generates {bi·4n | n � 0} as in Example 1, and in particular B
generates {b2n | n � 0}. All strings of the form anb2n

are generated inductively by S.

The basis is the string b = a0b20
generated by the rule S → b. The rule S → aSB&AB

generates all strings of the form an+1b2n+i, in which both 2n + i and i are powers of two.

These conditions are satisfied only if i = 2n, and thus the generated strings must be of

the form an+1b2n+1
.

1.6 Complementation of conjunctive grammars

Problem 6. Is the family of conjunctive languages closed under complementation?

It is worth being added that the same problem could be separately considered for

conjunctive languages over a unary alphabet. In fact, for every unary language found to

be conjunctive in the literature, its complement could be proved conjunctive by the same

methods [2, 3], yet there are no methods of changing a given conjunctive grammar to a

grammar for the complement of the generated language.

5

Alexander Okhotin, Nine open problems on conjunctive and Boolean grammars



Grammars as contracts

! Many metatools

! each implies its own language

! Interoperability

! depends on conforming to the same 
language

de Jonge, Visser. Grammars as Contracts, GCBSE 2001.



Definition
Syntax

Concrete

ParsetreeParsetree

ASTAST

ast2parsetree
Definition

Syntax
Abstract

parsetree2ast

Fig. 6. Architecture for meta-tools linking abstract to concrete syntax. The abstract syn-
tax definition is now generated from the concrete syntax definition.

Note that the high expressiveness of SDF and AbstractSDF, and their close corre-
spondence are key factors for the feasibility of generating abstract from concrete syn-
tax. Standard, Yacc-like concrete syntax definition languages are not satisfactory in this
respect. Since their expressiveness is low, and LR restrictions require non-natural lan-
guage descriptions, generating abstract syntax from these languages would result in
awkwardly structured ASTs, which burden the component programmers.

4 Generating library code

In this section we will discuss the generation of library code (see Figures 2 and 4).
Our language tool development architecture contains code generators for several lan-
guages and consequently allows components to be developed in different languages.
Since ATerms are used as uniform exchange format, components implemented in dif-
ferent programming languages can be connected to each other.

4.1 Targeting C

For the programming language C an efficient ATerm implementation exists as a sep-
arate library. This implementation consists of an API which hides the efficient binary
representation of ATerms based on maximal sharing and provides functions to access,
manipulate, traverse, and exchange ATerms.

The availability of the ATerm library allows generic language components to be
implemented in C which can perform low-level operations on arbitrary parse trees as
well as on abstract syntax trees.

A more high-level access to parse trees is provided by the code generator asdf2c
which, when passed an abstract syntax definition, produces a library of match and build
functions. These functions allow easy manipulation of parse trees without having to
know the exact structure of parse trees. These high-level functions are type-preserving
with respect to the AbstractSDF definition.

92 Merijn de Jonge and Joost Visser



Grammars as commitments

! Intercommunication purposes

! Bridging-in-the-small

! Assume two independent collaborators

! Each side has its own infrastructure

! E.g., XML and ANTLR

! Information exchange is crucial

! The system is evolving



22 · Toward an engineering discipline for GRAMMARWARE

Grammars in
compiler front!ends

grammar dependencies

Perceived view "Lines of code" Proposed view "Impact ratio"

Grammars in
a broad sense

Ingrained

All software assets

Fig. 4. In need of a paradigm shift: On the left-hand side, we only care about obvious grammar forms, namely the
ratio of “all software” to “grammars in compiler front-ends”. On the right-hand side, we admit two important
facts: (i) there are many grammars other than those in compiler front-ends; (ii) ingrained grammar dependencies
have a deep impact on most software.

5. PROMISES OF GRAMMARWARE ENGINEERING
At this point, the reader might face the following question:

Somehowwe managed to deal with all these kinds of grammarware for decades.
So what? That is, what are the potential benefits for IT?

The overall promise of grammarware engineering is that it leads to improved quality of
grammarware and to increased productivity of grammarware development. These promises
should provide a good incentive since grammars permeate software systems and software
development. Of course, it is difficult to justify such general claims at this time. To provide
some concrete data, we will report on two showcases (or even success stories). Afterwards,
we will identify more detailed promises on the basis of these showcases, but we will also
refer to further scattered experiences with engineering aspects of grammarware.

5.1 Showcase: grammar recovery
This showcase is discussed in detail in [Lämmel and Verhoef 2001b; Lämmel 2005]. Using
elements of the emerging engineering discipline for grammarware, we were able to rapidly
recover a relatively correct and complete syntax definition of VS Cobol II. The starting
point for this recovery project was IBM’s industrial standard for VS Cobol II [IBM Cor-
poration 1993]. The syntax diagrams had to be extracted from the semi-formal document,
and about 400 transformations were applied to the raw syntax in order to add missing con-
structs, to fix errors, and to ultimately obtain a grammar that could be used for parsing.

Klint, Lämmel, Verhoef, Toward an Engineering Discipline for Grammarware, ACM TOSEM 14(3), 2005.

http://www.cs.vu.nl/grammarware/agenda/
http://www.cs.vu.nl/grammarware/agenda/


Grammars as interfaces

! Algebraic data types

! Domain models

! Class diagrams

! Libraries

! API

! Questionnaires



JavaScript



JavaScript

Browser

runs

CoffeeScript

compiles to

dart2js

generates

jQuery

is a library for
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Grammars

Dragons
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Structure
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To summarise
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! Grammars define 
languages

! Represent structural 
commitments

! Contracts / interfaces

! Bridgebuilding 
material

! Grammars in a 
broad sense model 
software languages

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg


What is a software 
language?

SLE

nhbs, Identifying Wood: Accurate Results with Simple Tools.

http://www.nhbs.com/identifying_wood_accurate_results_with_simple_tools_tefno_132201.html
http://www.nhbs.com/identifying_wood_accurate_results_with_simple_tools_tefno_132201.html


SL is GPL

! Programming language

! General purpose

! High level constructs

! Syntactic sugar

! Can be compiled/
interpreted/computed/
evaluated/…



Hackers & Designers



http://en.wikipedia.org/wiki/File:Common_Base_amplifier.png

http://en.wikipedia.org/wiki/File:Common_Base_amplifier.png
http://en.wikipedia.org/wiki/File:Common_Base_amplifier.png


Tijs van der Storm, Atze van der Ploeg and others



https://dev.twitter.com/docs/api/1.1/get/statuses/mentions_timeline

https://dev.twitter.com/docs/api/1.1/get/statuses/mentions_timeline
https://dev.twitter.com/docs/api/1.1/get/statuses/mentions_timeline


OHM 2013: Observe. Hack. Make. Dany Qumsiyeh.

https://program.ohm2013.org/speaker/158.html
https://program.ohm2013.org/speaker/158.html


Data Clone Detection and Visualization in Spreadsheets

TUD-SERG-2012-016 3

Hermans, Sedee, Pinzger, van Deursen. Data Clone Detection and Visualization in Spreadsheets. ICSE 2013.

http://swerl.tudelft.nl/twiki/pub/Main/TechnicalReports/TUD-SERG-2012-016.pdf
http://swerl.tudelft.nl/twiki/pub/Main/TechnicalReports/TUD-SERG-2012-016.pdf


To summarise
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! Language is a set of 
instances

! Language is 
modelled by a 
grammar

! Languages are 
everywhere

! Not necessarily 
used by experts
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Abstract
&

concrete



Ralf  Lämmel, http://instagram.com/p/e5P9r4TGHd/

Bran Selic, Theory and Practice of  Modeling Language Design

http://instagram.com/p/e5P9r4TGHd/
http://instagram.com/p/e5P9r4TGHd/
http://models2013.lcc.uma.es/tutorials.html#TM5
http://models2013.lcc.uma.es/tutorials.html#TM5


Both are grammars!

! Concrete syntax

! elements for visualisation & programming

! Abstract syntax

! conceptual structure

! Beyond dychotomy!



DSL concrete syntax in C#

Martin Fowler, Language Workbenches: The Killer-App for Domain Specific Languages? 2005

public void Configure(Reader target) {
      target.AddStrategy(ConfigureServiceCall());
      target.AddStrategy(ConfigureUsage());
    }
    private ReaderStrategy ConfigureServiceCall() {
      ReaderStrategy result = new ReaderStrategy("SVCL", typeof (ServiceCall));
      result.AddFieldExtractor(4, 18, "CustomerName");
      result.AddFieldExtractor(19, 23, "CustomerID");
      result.AddFieldExtractor(24, 27, "CallTypeCode");
      result.AddFieldExtractor(28, 35, "DateOfCallString");
      return result;
    }
    private ReaderStrategy ConfigureUsage() {
      ReaderStrategy result = new ReaderStrategy("USGE", typeof (Usage));
      result.AddFieldExtractor(4, 8, "CustomerID");
      result.AddFieldExtractor(9, 22, "CustomerName");
      result.AddFieldExtractor(30, 30, "Cycle");
      result.AddFieldExtractor(31, 36, "ReadDate");
      return result;
    }

http://martinfowler.com/articles/languageWorkbench.html
http://martinfowler.com/articles/languageWorkbench.html


DSL concrete syntax in XML

Martin Fowler, Language Workbenches: The Killer-App for Domain Specific Languages? 2005

<ReaderConfiguration>
  <Mapping Code = "SVCL" TargetClass = "dsl.ServiceCall">
    <Field name = "CustomerName" start = "4" end = "18"/>
    <Field name = "CustomerID" start = "19" end = "23"/>
    <Field name = "CallTypeCode" start = "24" end = "27"/>
    <Field name = "DateOfCallString" start = "28" end = "35"/>
  </Mapping>
  <Mapping Code = "USGE" TargetClass = "dsl.Usage">
    <Field name = "CustomerID" start = "4" end = "8"/>
    <Field name = "CustomerName" start = "9" end = "22"/>
    <Field name = "Cycle" start = "30" end = "30"/>
    <Field name = "ReadDate" start = "31" end = "36"/>
  </Mapping>
</ReaderConfiguration>

http://martinfowler.com/articles/languageWorkbench.html
http://martinfowler.com/articles/languageWorkbench.html


DSL concrete syntax in text

Martin Fowler, Language Workbenches: The Killer-App for Domain Specific Languages? 2005

mapping SVCL dsl.ServiceCall
  4-18: CustomerName
  19-23: CustomerID
  24-27 : CallTypeCode
  28-35 : DateOfCallString

mapping  USGE dsl.Usage
  4-8 : CustomerID
  9-22: CustomerName
  30-30: Cycle
  31-36: ReadDate

http://martinfowler.com/articles/languageWorkbench.html
http://martinfowler.com/articles/languageWorkbench.html


Grammars
on the inside



Backus Naur Form

! Historically useful

! Extended over and over

! “Backus-Wirth Notation”

! (not a normal form)

!

Roger Price, BNE was here....right outside the hotel!, 27 January 2011, CC-BY-NC-SA.

http://www.flickr.com/photos/rwp-roger/5397144268/
http://www.flickr.com/photos/rwp-roger/5397144268/
http://creativecommons.org/licenses/by-nc-sa/2.0/deed.en
http://creativecommons.org/licenses/by-nc-sa/2.0/deed.en


The Next Web Photos, A picture is worth a…, 15 February 2010, CC-BY-SA.

Backus Naur Form

! Historically useful

! Extended over and over

! “Backus-Wirth Notation”

! (not a normal form)

! Textual

http://www.flickr.com/photos/thenextweb/4359415012/
http://www.flickr.com/photos/thenextweb/4359415012/
http://www.flickr.com/photos/thenextweb/4359415012/
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

production rule

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);

“left hand side”

+*

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);

nonterminal symbol

+*

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

terminal symbol
Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

optional symbol

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

Kleene star

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

one or more

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

A ::= B “C” D? E  F  (G|H);+*

disjunction

Mayuno, BNE sticker, 1 December 2007, CC-BY-SA.

http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://commons.wikimedia.org/wiki/File:BNE_sticker.jpg
http://creativecommons.org/licenses/by-sa/2.0/deed.en
http://creativecommons.org/licenses/by-sa/2.0/deed.en


Inside a grammar

X ::= <a>:b [c]::d ;

markers

labels



Inside a grammar

X ::= ε ;

X ::= φ ;

X ::= α ;

nothing



Inside a grammar

X ::= ε ;

X ::= φ ;

X ::= α ;

error



Inside a grammar

X ::= ε ;

X ::= φ ;

X ::= α ;

anything



Inside a grammar

X ::= { Y Z } ;

X ::= A & B ;

X ::= ¬N ;
Y

Y Z Y
Y Z Y Z Y

…

+



Inside a grammar

X ::= { Y Z } ;

X ::= A & B ;

X ::= ¬N ;

+ conjunction



Inside a grammar

X ::= { Y Z } ;

X ::= A & B ;

X ::= ¬N ;

+

negation



Ada 95 (Magnus Kempe, HTML)

http://slps.github.io/zoo/ada/kempe.html

http://slps.github.io/zoo/ada/kempe.html
http://slps.github.io/zoo/ada/kempe.html


BibTeX (Guillaume Hillairet, Ecore)

http://slps.github.io/zoo/bibtex/bibtex-1.html

http://slps.github.io/zoo/bibtex/bibtex-1.html
http://slps.github.io/zoo/bibtex/bibtex-1.html


ANSI C90 (Vinju, Kooiker, van den Brand, SDF)

http://slps.github.io/zoo/c/ansi-sdf.html

http://slps.github.io/zoo/c/ansi-sdf.html
http://slps.github.io/zoo/c/ansi-sdf.html


GNU C grammar (TXL, Andrew J. Malton, 
James R. Cordy)

http://slps.github.io/zoo/c/cordy-malton.html

http://slps.github.io/zoo/c/cordy-malton.html
http://slps.github.io/zoo/c/cordy-malton.html


OASIS DocBook (RELAX-NG)

http://slps.github.io/zoo/markup/docbook-walsh.html

http://slps.github.io/zoo/markup/docbook-walsh.html
http://slps.github.io/zoo/markup/docbook-walsh.html


To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Nonterminals

! Terminals

! Metaproperties (?,*,
+)

! Special cases

! Labels and markers

! Disjunction

! …

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg


Grammars
from the outside



Grammar world

Grammar



Grammar world: grammars

Grammar Grammar’

Replicas

Matches

Views

Updates



Grammar world: instances

Grammar Grammar’

Instance

Test data setCorpus
ASTs



Grammar world: metamodels

Grammar Grammar’

Metasyntax

Instance

Notation

Format

Limitations



Grammar world: annotations

Grammar Grammar’Annotation

Metasyntax

Instance

Documentation

Semantic 
actions

Decoration



Grammar world

Grammar Grammar’Annotation

Metasyntax

Instance



Grammar world: transformations

Grammar Grammar’Annotation

Metasyntax

Instance

Extractors

Exporters
Transformers

Executable

Browsable

Extractors



Grammar world: synchronisations

Grammar Grammar’Annotation

Metasyntax

Instance Instance’



To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Diversity

! Evolution

! Extraction

! Documentation

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg


Grammarware



Grammarware

• Parser

• Compiler

• Interpreter

• Pretty-printer

• Scanner

• Browser

• Static checker

• Structural 
editor

• IDE

• DSL 
framework

• Preprocessor

• Postprocessor

• Model checker

• Refactorer

• Code slicer

• API

• XMLware

• Modelware

• Language 
workbench

• Reverse eng. 
tool

• Benchmark

• Recommender

• Renovation tool



“Creative Space”



Parser [Aho et al]

! Syntactic analyser

! Traverses text

! Validates conformance to grammar

! Recognises language instances (“words”)

! Constructs a parse tree

A. V. Aho, R. Sethi, J. D. Ullman, Compilers, 1985.



Parser [Lesk/Schmidt, Johnson]
! Two separate phases

! lexical analysis (lexer)

! syntactic analysis (parser)

! Write your grammar in a very specific style

! The parser is generated automatically

! …and maybe will work

! Want a good parser?

! forget about readability and reuse
Lesk, Schmidt, Lex – A Lexical Analyzer Generator, 1975.
Johnson, YACC — Yet Another Compiler Compiler, 1975.

http://dinosaur.compilertools.net/lex/index.html
http://dinosaur.compilertools.net/lex/index.html


Parser [Cook et al]

! Recognises syntactic features

! Creates object structure

! Results in a graph

! object grammars allow crosslinks

! Naturally bidirectional (parsing/rendering)

! object grammars contain pretty-printing 
info

van der Storm, Cook, Loh, Object Grammars: Compositional & Bidirectional Mapping Between Text and Graphs, SLE 2012.



Parser [Meyers/Vangheluwe]

! A mapping between

! one of concrete syntaxes

! the abstract syntax

! Assumes the “spanning tree” is available or 
easy

Meyers, Vangheluwe, A Framework for Evolution of Modelling Languages, SCP, 2011.



Parser [Ophel]

! Parser has three tasks

! verify that the input is valid

! provide semantical framework

! if invalid, explain why

Ophel, Breadth-First Parsing, 1997.



To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Disregard textual 
parsing?

! Separate lexical 
from syntactic?

! Link to semantics?

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg


Syntactic Structures (1957)

 Despite the undeniable interest and 
importance of semantic and statistical 
studies of language, they appear to have 
no direct relevance to the problem of 
determining or characterizing the set of 
grammatical utterances. I think that we 
are forced to conclude that grammar is 
autonomous and independent of meaning.

Noam Chomsky





Grammars
define structure

&
can assume

different semantics



http://instagram.com/p/e0pF3HlDFb/

http://instagram.com/p/e0pF3HlDFb/
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Joint work of:
Ali Afroozeh, Jeroen van den Bos, Magiel Bruntink, Jan van Eijck, Paul Griffioen, Mark Hills, Anastasia 
Izmaylova, Paul Klint, Wouter Kwakernaak, Dimitrios Kyritsis, Mattijn Lahuis, Davy Landman, Robert 

van Liere, Bert Lisser, George Marmanidis, Chris Mulder, Atze van der Ploeg, Riemer van Rozen, 
Alexander Serebrenik, Ashim Shahi, Sunil Simon, Michael Steindorfer, Tijs van der Storm, Ioannis 

Tzanellis, Jurgen Vinju, Kevin van der Vlist, Vadim Zaytsev (and others)
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Language workbench

! Language oriented programming

! Little languages: grep, sed, awk

! Homoiconic languages: LISP, REBOL, XSLT

! Configuration files

! Other workbenches

! MPS (Völter et al), Intentional Software 
(Simonyi et al), Epsilon (Paige et al)

Martin Fowler, Language Workbenches: The Killer-App for Domain Specific Languages? 2005

http://martinfowler.com/articles/languageWorkbench.html
http://martinfowler.com/articles/languageWorkbench.html




Technical challenges

! How to parse source code/data files/models?

! How to extract facts from them?

! How to perform computations on these facts?

! How to generate new source code (transform, 
refactor, compile)?

! How to synthesize other information?

EASY: Extract-Analyze-SYnthesize Paradigm
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Metaprogramming is EASY
! Extract

! Fast context-free general top-down parsing

! Pattern matching & generic traversal

! Analyze

! Relational queries and comprehensions

! Backtracking, fixed point computation, ...

! SYnthesize

! String templates

! Concrete syntax

! Interactive visualization generator



Metaprogramming is EASY
! Extract

! Fast context-free general top-down parsing

! Pattern matching & generic traversal

! Analyze

! Relational queries and comprehensions

! Backtracking, fixed point computation, ...

! SYnthesize

! String templates

! Concrete syntax

! Interactive visualization generator



The EASY paradigm

System under investigation

Internal representation

Results

Extract

Synthesize

Analyse
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Why a new language?

! No current technology spans the full range of EASY 
steps

! There are many fine technologies but they are

! highly specialized with steep learning curves

! hard to learn unintegrated technologies

! not integrated with a standard IDE

! hard to extend

! Goal: keep all benefits of ASF+SDF and Rscript

! in a new, unified, extensible, teachable framework
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Bridging the gaps
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Rascal keywords

! Complex built-in data 
types

! Immutable data

! Static safety

! Generic types

! Local type inference

! Pattern matching

! Syntax definitions & 
parsing

! Concrete syntax

! Visiting/traversal

! Comprehensions

! Higher-order

! Familiar syntax

! Java and Eclipse 
integration

! Read-Eval-Print 
(REPL)
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Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus

presumably familiar
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Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus

installs as a plugin
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Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus

low barrier to entry,
learn features as you go
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Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus

concrete syntax matching

http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/


Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus

traversals, matching, …
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Rascal design

! Java-like syntax

! Embedded in Eclipse

! Layered design

! Syntax analysis

! Term rewriting

! Relational calculus relations for sharing/merging 
of facts for different languages
relations for sharing/merging 
of facts for different languages
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To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Rascal is a language 
workbench

! EASY paradigm

! extract

! analyse

! synthesise

! Metaprogramming

! http://rascal-mpl.org
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Rascal features



Rich (immutable) data

! Built-in types:

! lists

! sets

! maps

! tuples

! relations

! with comprehensions 
and many operators

rascal> [1..10]
list[int]: [1,2,3,4,5,6,7,8,9,10]
rascal> [x/2 | x <- [1..10]]
list[int]: [0,1,1,2,2,3,3,4,4,5]
rascal> {x/2 | x <- [1..10]} + {4,5,6}
set[int]: {6,5,4,3,2,1,0}
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Syntax definitions

! Define lexical syntax

! Define context-free syntax

! Define whitespace/layout/…
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lexical Id = [A-Za-züäöß]+ !>> [A-Za-züäöß];
lexical Num = [0-9]+ !>> [0-9];
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! Define an algebraic data type

! Automatically implode parse trees to ASTs
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Syntax definitions

! Define lexical syntax

! Define context-free syntax

! Define whitespace/layout/…

! Get GLL parser for free

! Define an algebraic data type

! Automatically implode parse trees to ASTs

start syntax System = Line+;
syntax Line = Num ":" {Id ","}+ "." ;

http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/


Syntax definitions

! Define lexical syntax

! Define context-free syntax

! Define whitespace/layout/…

! Get GLL parser for free

! Define an algebraic data type

! Automatically implode parse trees to ASTs

layout WS = [\ \t\n\r]* !>> [\ \t\n\r];
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Patterns

! Pattern matching

! on concrete syntax

! on lists

! on sets

! on trees

! …

! Pattern-driven 
dispatch

rascal> {int x, str y} := {2}    
bool: false
rascal> {int x, str y} := {2,"3"}
bool: true
rascal> {int x, *y, str z} := {2,2,2,"3",4,"2"}
bool: true
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Other pattern kinds

! Regular: grep/Perl like regular expressions

/^<before:\W*><word:\w+><after:.*$>/
! Abstract: match data types

whileStat(Exp, Stats*)
! Concrete: match parse trees

` while <Exp> do <Stats*> od `
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Pattern-directed invocation

!""#!"#$%&$%'(&)*!$%'(&))!+!$%&',

!""#!"#$%&$%-%(&)*!$%-%(&))!+!$%&',

!""#!"#$%&$%%./0&)*!$%%./0&))!+!$%&',

!""#!"#$%&$%0(12&)*!$%0(12&))!+!$%&',

!""#!"#$%&$%"3%(4&)*!$%"3%(4&))!+!$%&',

!""#!"#$%&$%31'4&56)*!$%31'4&57))!+!3/.(80"("#&56*57),

(')*&#$+!""#!"#$%&9--(%28'(!%8*!9--(%28'(!:8)!+!)*#,',

Prolog?

Zaytsev, Guided Grammar Convergence. Poster at SLE 2013
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Switch/case

,-.$/0&%)
;
! /*,'!&<=>9/')?@A?!+B!@CDCA,
! /*,'!&<=>9/')?EF-2G!'B?!+B
! ! @CE'BC!H!CE'BC++(-5-I"2=10"&CE'BC)A,
! /*,'!&<=>9/')?&E;<=>9/'!C*CJK!12L0B)?!+B
! ! @KL"(M1L0&1)!H!1!EN!12L0A,
! /*,'!&<=>9/')?EF-2G!$B!&E;<=>9/'!C*CJK!10B)?!+B
! ! @CE$BCA!O!@KL"(M1L0&1)!H!1!EN!10A,
! (')*&#$!P
J
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Visitor and foldr

QR-'(28S/(-2;T10!T10("'!N!T10UT10("'QRI8U'.!&=FV)J
QR-'(28S/(-2;W12X!Y8..0!N!W12XUY8..0QRI8U'.!&=FV)J
1"(&#'!Z%"21(8-'0

.12"%$![\M,

.12"%$!VZ,

2&!#./!=-3%1'4!R/(&=-3%1'4!R)!;
! %'$&%3!4.,.$!&R)!;
! ! /*,'!"3%.-4""&'13"*!@K"%*8%]8'(^2-%&C01.124C*01.124)*K"%7A)
!!!!!!!!!!!!!!!!!!+B!"3%.-4""&'13"*!@K"%*8%@8'(_1.+01.124`7A*K"%7A)
JJ

2&!#./+.3$!(-(1.&=-3%1'4!R)!;
%'$&%3!&a!H!.$O01.124!H!`"3%.-4""&'13"*!@K"%*8%]8'(^2-%
&C01.124C*01.124)*K"%7A)!EN!R),
J

101companies.org
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Polychromatic trees

data CTree =  leaf(int N)
                   |  red(CTree left, CTree right)
                   |  black(CTree left, CTree right) ;

rb = red(black(leaf(1), red(leaf(2), leaf(3))),
              black(leaf(4), leaf(5)));

// TODO: count red nodes
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Polychromatic trees
data CTree =  leaf(int N)
                   |  red(CTree left, CTree right)
                   |  black(CTree left, CTree right) ;

public int cntRed(CTree t) {
switch(t){
    case leaf(_): return 0;
    case red(L,R):
        return 1 + cntRed(L) + cntRed(R);
    case black(L,R):
        return cntRed(L) + cntRed(R);
}}
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Polychromatic trees
data CTree =  leaf(int N)
                   |  red(CTree left, CTree right)
                   |  black(CTree left, CTree right) ;

public int cntRed(CTree t) {
  int c = 0;
  visit(t){case red(_,_): c += 1;};
  return c;
}

http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/


Polychromatic trees
data CTree =  leaf(int N)
                   |  red(CTree left, CTree right)
                   |  black(CTree left, CTree right) ;

public int cntRed(CTree t) =
 size([n | /n:red(_,_) := t]);
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Full/shallow/deep
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To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Rascal is a language 
workbench

! Sets, relations, 
maps…

! Grammars, ADTs…

! Cool comprehensions

! Cool pattern matching

! Many more features

! http://rascal-mpl.org

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
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Work in progress

Frank Kovalchek, Work in progress at the base of  the Eiffel Tower, 2013, CC-BY.

http://www.flickr.com/photos/72213316@N00/8437830806/
http://www.flickr.com/photos/72213316@N00/8437830806/
http://creativecommons.org/licenses/by/2.0/deed.en
http://creativecommons.org/licenses/by/2.0/deed.en




Grammar 
extraction



Grammar extraction

! Given is an artefact containing grammar knowledge:

! a grammar

! a parser specification

! a metamodel

! grammarware source code

! a data schema

! documentation

! How to extract a grammar from it?



Grammar extraction

Grammar Grammar’Annotation

Metasyntax

Instance

recovery
extraction

inference



Variety of notations

! Such details can be modeled

! We compose a notation specification

Zaytsev, What Have We Done About the Unnecessary Diversity of  Notation for Syntactic Definitions, SAC/PL 2012.

program::=
        function+;
function::=
        name argument* “=” expr?;

http://grammarware.net/writes/%23BNF-WAS-HERE2012
http://grammarware.net/writes/%23BNF-WAS-HERE2012


Grammar notations: BNF

Identifier 8 and Variablgisl 

Subscripted Variables and Arrays 
Ic1. 

(el) :z (ar exp) a?: 4e.Q ,<ar exp> 

(eubscr var):= (id) t(el)j 

(blank):z (the null string of characters) 

(ppel) :% <blank) ZR <p:ppe1)4r exp)  , 
6.1) :z @pel) tS &el), ZZ&el) , Car ex* 

(array) :I <id) r(pe1) 

(see below for definition of (ar *exp)) 

Parameters, Functions and Pure Function8 

(n& (any character other than P quote mark I ! )  

(arb) :Z (nq) =4rb)(nq> 
(quoted string):% l1 <arb) t t  

&aram):=<exp)G <quoted string) tJF (array)15F(pure function) 

at cure procedure) 

&arorn list):z(param) ?iir @*am l id ) ,  (param> 

<function) := (id) ( (parah list) ) 

Arithmetic Exprea dons, Boolean Expressions, and Expres dons 

<factor)z - (number) ZFr <function) br &miable) Gubscr var) 

or (car exp)) 5f (factor) l\(ar exp)h 

(ar exp ~):~,/'ar. exp) 
:s ~ ~ ~ K r ~ i T i r ~ E =  5? 4 .  

( car exp) (relation (ar exp A ) )  
0 1 peel ?j? eunction) o? 

'2Pr--q<bool term) 
(variable) o? t$ubscr var)Tr ((bool exp)) 

(bod exp) (bod term>7ii (boo1 ex$ V(boo1 term) 
G? @ool e x p )  /((boa1 term) EF 

(bool exp)s(bool term) 

Assignment Statements 

(left (variable) +ubscr var) 
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Metasyntactic evolution
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Extraction of Java grammars
106 Case study on recovery and convergence

impl1 impl2 impl3 read1 read2 read3 Total
Arbitrary lexical decisions 2 109 60 1 90 161 423

Well-formedness violations 5 0 7 4 11 4 31

Indentation violations 1 2 7 1 4 8 23

Recovery rules 3 12 18 2 59 47 141

◦ Match parentheses 0 3 6 0 0 0 9

◦ Metasymbol to terminal 0 1 7 0 27 7 42

◦ Merge adjacent symbols 1 0 0 1 1 0 3

◦ Split compound symbol 0 1 1 0 3 8 13

◦ Nonterminal to terminal 0 7 3 0 8 11 29

◦ Terminal to nonterminal 1 0 1 1 17 13 33

◦ Recover optionality 1 0 0 0 3 8 12

Purge duplicate definitions 0 0 0 16 17 18 51

Total 11 123 92 24 181 238 669

Table 5.4: Irregularities resolved by grammar extraction.

5.4.4 Phase 3 — Removal of doubles
The JLS documents (deliberately) repeat grammar parts. Hence, we have added a trivial

phase for removal of double alternatives. That is, when a given right-hand side nontermi-

nal is encountered several times in a source, then phase 1 accumulates all the alternatives

via one entry of the dictionary, and phase 3 compares alternatives (i.e., sequences of to-

kens) to remove any doubles.

Example 5.14 Recall the following definition from Example 5.6 [66, §8.3]:

VariableDeclaratorId:
Identifier
VariableDeclaratorId [ ]

The same definition appears elsewhere in the document, even though the markup is
different, but these differences are already neutralised during phase 1 [66, §14.4]:

<em>VariableDeclaratorId:
Identifier
VariableDeclaratorId</em> [ ]

Phase 3 preserves 2 alternatives out of 4. As an aside, this particular example also
required the application of Rule 5.2.b because [ ] must be converted to terminals.

5.4.5 Phase 4 — Precise parsing
Finally, the dictionary structure of phase 1, after the recovery of phase 2, and double

removal of phase 3, is trivially parsed according to the (E)BNF for the grammar notation;

c.f., Listing 5.1. In fact, our implementation dumps the extracted grammar immediately in

an XML-based grammar interchange format so that generic grammar tools for comparison

and transformation can take over [142].

Lämmel, Zaytsev, Recovering Grammar Relationships for the Java Language Specification, SQJ 19:2, March 2011.

http://grammarware.net/writes/%23JLS-SQJ2011
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Extraction & recovery
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Notation-parametric recovery

! Perform a robust heuristic-
based recovery process

! Successful for grammars of 
Ada, C, C++, C♯, Dart, 

Eiffel, Modula, 
MediaWiki, LLL, EBNF, 
etc.
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Notation-parametric recovery

! Perform a robust heuristic-
based recovery process

! Successful for grammars of 
Ada, C, C++, C♯, Dart, 

Eiffel, Modula, 
MediaWiki, LLL, EBNF, 
etc.

Zaytsev, Grammar Zoo: A Repository of Experimental Grammarware. Under review for SCP EST5, 2013.

http://grammarware.net/writes/%23Zoo2013
http://grammarware.net/writes/%23Zoo2013
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/


Grammar 
extraction
from other sources



Other available extractors

! Eclipse Modeling Framework

! XML Schema Definition

!Not all extractors have already been migrated to use Rascal

GGrammar bgf
 = ecore2bgf(|cwd:///metamodel.ecore|);

GGrammar bgf
 = xsd2bgf(|cwd:///schema.xsd|);



Flashy megamodel!



Flashy megamodel!!!



Grammar Zoo

! 569 grammars

! Ada, ASM, ATL, ATOM, BASIC, 
BibTeX, C, C++, C#, CSV, Dart, Dot, 
DTD, EBNF, Eiffel, Fortran, HTML, 
Java, JavaScript, JSON, Modula, 
Occam, ODF, Pascal, PIF, PL/I, 
SVG, UML, Wiki, XML, XPath, 
XSLT, XQuery, …

http://slps.github.io/zoo/
http://slps.github.io/zoo/
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Grammar evolution

! Any change is a transformation

! Why transform?

! adaptation
! normalisation
! beautification
! inconsistency management
! version control

! Documented, well-understood, compositional change

! Good for representing relationships



Grammar evolution

Grammar Grammar’Annotation

Metasyntax

Instance



Transformation components



Transformation components

Operator

•known semantics, well-defined algorithm

•rename, fold, factor, inject, remove, …



Transformation components

Arguments

•what exactly to rename/factor/inject/…?



Transformation componentsInput grammar

•determines applicability



Transformation components
Output grammar

•inferred result



Excerpt from the operator suite
4 · Vadim Zaytsev

Operator [LZ09, LZ11, ...] Group [LZ11] Class [CREP08] Delta [GKP07]

bypass() preserving updative not breaking
factor(x, y) preserving updative not breaking
introduce(n ::= rhs) preserving additive not breaking
eliminate(n) preserving subtractive not breaking
widen(x, y) increasing additive not breaking
define(n ::= rhs) revising additive not breaking
renameN(a, b) preserving updative resolvable
fold(n) preserving additive resolvable
extract(n ::= rhs) preserving additive resolvable
unfold(n) preserving subtractive resolvable
disappear(p,m) decreasing subtractive resolvable
permute(p, q) revising updative resolvable
concretize(p,m) revising additive resolvable
abstractize(p,m) revising subtractive resolvable
project(p,m) revising subtractive resolvable
narrow(x, y) decreasing subtractive unresolvable
inject(p,m) revising additive unresolvable
replace(x, y) revising — unresolvable

Table 1 – A representative excerpt from the XBGF operator suite. Among operands, a, b, n
are nonterminals, p, q are production rules, x, y are grammatical expressions, m are
markers. A “preserving” transformation preserves the language defined by the gram-
mar, an “increasing” or “decreasing” one makes it larger or smaller, and a “revising”
operator can have other outcomes [LZ11]. An “updative” transformation preserves
the size of the modelling space, an “additive” or “subtractive” transformation makes
it larger or smaller [CREP08]. A “not breaking” metamodel transformation does not
invalidate language instances, a “resolvable” one implies an algorithm for automatic
coevolution, and an “unresolvable” requires manual work or extra data [GKP07].

• concretize(p,m) — injects a bit of concrete syntax;

• abstractize(p,m) — projects a bit of concrete syntax;

• project(p,m) — projects an arbitrary element;

• narrow(x, y) — the inverse of widen, restricts a metaproperty;

• inject(p,m) — adds a new element at an arbitrary place;

• replace(x, y) — globally replaces any expression by any other expression.

XBGF has many more operators, and finds its uses in grammar recovery (for

correcting mistakes in the original grammar-containing artefacts or ones introduced

by the automated extraction process), grammar specialisation (for automatically

deriving a tool-specific grammar from a baseline grammar), grammar convergence (for

validating claims about language or grammar equivalence), grammar beautification

(for increasing readability of a grammar), technological space travel (transforming a

grammar in a narrow sense to a database schema or a class diagram to an algebraic

data type), etc.

Many authors — in particular, Herrmannsdörfer et al [HBJ09, HVW11], Cicchetti

et al [CREP08], Wachsmuth [Wac07] — have previously considered, proposed or

analysed metamodel transformation operators that are strikingly similar to grammar

transformation operators. In this paper, we have limited ourselves to grammar

transformation not only because grammars are considered somewhat simpler than

Journal of Object Technology, vol. V, no. N, 2013

Zaytsev, Negotiated Grammar Transformation, JOT. (under review)

http://grammarware.net/writes/
http://grammarware.net/writes/


Transform to converge

30

jls1 jls12 jls123 jls2 jls3 read12 read123 Total
Number of lines 682 5114 2847 6774 10721 1639 3082 30859

Number of transformations 67 290 111 387 544 77 135 1611

◦ Semantics-preserving (§4.2.2) 45 231 80 275 381 31 78 1121

◦ Semantics-increasing/-decreasing 22 58 31 102 150 39 53 455

◦ Semantics-revising — 1 — 10 13 7 4 35

Preparation phase (§4.2.1) 1 — — 15 24 11 14 65

◦ Known bugs — — — 1 11 — 4 16

◦ Post-extraction — — — 7 8 7 5 27

◦ Initial correction 1 — — 7 5 4 5 22

Resolution phase 21 59 31 97 139 35 43 425

◦ Extension (§4.2.3) — 17 26 — — 31 38 112

◦ Relaxation (§4.2.4) 18 39 5 75 112 — 2 251

◦ Correction (§4.2.5) 3 3 — 22 27 4 3 62

Table 6 Transformation of the JLS grammars — effort metrics and categorization

Table 6 measures the extraction effort and the involved grammar transformations. This

information was obtained in an automated manner but it relies on some amount of semantic

annotation of the transformations for the classifications and phases.

The number of transformations directly refers to the number of applications of transfor-
mation operators. As one can see from Table 7, 33 different operators are used in the JLS

case; most of them were introduced in §4. About three quarters of the transformations are

semantics-preserving. The remaining quarter is mainly dedicated to semantics-increasing or

-decreasing transformations with only 2% left for semantics-revising transformations.

In Table 6, one can observe that relaxation transformations indeed occur when a more

readable and a more implementable grammar are converged. Further, one can observe that

the overall transformation effort is particularly high for jls12 — which signifies the fact

(already mentioned above) that impl1 and impl2 appear to be different developments. Fi-

nally, we have made an effort to incorporate Sun’s bug list into the picture (see “Known

bugs”). We note that some of the known bugs equally occur in both the more readable and

the more implementable grammar, in which case we cannot even discover them by grammar

convergence.

In general, we can say that grammar convergence techniques are useful for creation,

maintenance and evolution of language documentation. However, any set of guidelines that

we can produce at the moment will be questionable without proper amount of experience

gathered and several successful projects of substantial size, such as van den Brand et al

(1997). Thus, the issue will not be pursued in the paper, and the interested reader is referred

to Klusener and Zaytsev (2005) instead.

5 Related work

We organize the related work discussion in the following manner: i) grammar recovery (in-

cluding grammar inference); ii) programmable grammar transformations; iii) other grammar

engineering work; iv) coupled transformations of grammar- or schema- or metamodel-like

artifacts and grammar- or schema- or metamodel-dependent artifacts; v) comparison (in-

cluding matching) of schemas or metamodels.

Lämmel, Zaytsev, Recovering Grammar Relationships for the Java Language Specification, SQJ 19:2, 2011.

http://grammarware.net/writes/%23JLS-SQJ2011
http://grammarware.net/writes/%23JLS-SQJ2011
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Grammar programming
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unfold(n)



Model Migration
Approaches:

Operator-based co-evolution

+ migration strategy is “free”
 - tool lock in
 - operator set completeness
 - reverse engineering challenging

11

Metamodel Evolution

MM MM'
applyapplyapplyapply

Migration Strategy

Model Model'

Automatically produces

J.R. Williams, R.F. Paige, F.A.C. Polack, Searching for Model Migration Strategies. ME 2012.

Meanwhile in modelware…

http://jamesrobertwilliams.co.uk/presentations/ME2012.pdf
http://jamesrobertwilliams.co.uk/presentations/ME2012.pdf


A transformation sequence

":%2!]]+!P,
1(-3!]]+!V<!H!VcM!!H!j&j!":%2!j)j,

":%2!]]+!P,
*$"1!]]+!V<,
*$"1!]]+!VcM,
*$"1!]]+!":%2,

'52%!]]+!P,
'52%!]]+!V<,
'52%!]]+!VcM,
'52%!]]+!":%2,

":%2!]]+!P,
":%2!]]+!V<,
":%2!]]+!VcM,

":%2!]]+!P,
1(-3!]]+!V<!H!VcM!!H!'52%,

abstractize

vertical

project

unite

abridge

R. Lämmel, V. Zaytsev, An Introduction to Grammar Convergence. IFM 2009, LNCS 5423.

http://grammarware.net/writes/%23Convergence2009
http://grammarware.net/writes/%23Convergence2009






Negotiated 
transformations

Doctor Who — Second Doctor — Season 6 — Episode 3 — The Invasion — Part 2



Rename a nonterminal: success

rename(expr,Expr)

ok

Zaytsev, Negotiated Grammar Transformation, XM2012 @ MODELS 2012. JOT.

http://grammarware.net/writes/
http://grammarware.net/writes/


Rename a nonterminal: failure

rename(expr,Expr)

no expr!

Zaytsev, Negotiated Grammar Transformation, XM2012 @ MODELS 2012. JOT.

http://grammarware.net/writes/
http://grammarware.net/writes/


Rename a nonterminal: negotiation

rename(expr,Expr)

no expr!

rename(exp,Exp)

ok

Zaytsev, Negotiated Grammar Transformation, XM2012 @ MODELS 2012. JOT.

http://grammarware.net/writes/
http://grammarware.net/writes/


Rename a nonterminal: negotiation

rename(expr,Expr)

no expr!

rename(exp,Exp)

ok
adjustment

Zaytsev, Negotiated Grammar Transformation, XM2012 @ MODELS 2012. JOT.

http://grammarware.net/writes/
http://grammarware.net/writes/


Pending evolution

KEEP
CALM
AND

CONSIDER
IT
DONE



Grammar programming

G G G G G



Optional execution

G G G G G

defineN

defineN
defineN

= =

Zaytsev, Pending Evolution of  Grammars, XM2013 @ MODELS 2013.

http://grammarware.net/writes/
http://grammarware.net/writes/


Asserting preconditions

G G G G G

vertical

deyaccify

vertical
deyaccify

=

Zaytsev, Pending Evolution of  Grammars, XM2013 @ MODELS 2013.

http://grammarware.net/writes/
http://grammarware.net/writes/


Reuse correction scripts

G G G G G

inject

defineN
replace

deyaccify

Zaytsev, Pending Evolution of  Grammars, XM2013 @ MODELS 2013.

http://grammarware.net/writes/
http://grammarware.net/writes/


Reuse correction scripts

G G G G G

inject

defineN
replace

deyaccify

report

=

=

Zaytsev, Pending Evolution of  Grammars, XM2013 @ MODELS 2013.

http://grammarware.net/writes/
http://grammarware.net/writes/


Normalise before export

G G G G G

change

change
change

change

G Gnormalisenormalise

Zaytsev, Pending Evolution of  Grammars, XM2013 @ MODELS 2013.

http://grammarware.net/writes/
http://grammarware.net/writes/


Operator-based 
evolution analysis



31

jls1 jls12 jls123 jls2 jls3 read12 read123 Total
◦ rename 9 4 2 9 10 — 2 36

◦ reroot 2 — — 2 2 2 1 9

◦ unfold 1 10 8 11 13 2 3 48

◦ fold 4 11 4 11 13 2 5 50

◦ inline 3 67 8 71 100 — 1 250

◦ extract — 17 5 18 30 — 5 75

◦ chain 1 — 2 — — 1 4 8

◦ massage 2 13 — 15 32 5 3 70

◦ distribute 3 4 2 3 6 — — 18

◦ factor 1 7 3 5 24 3 1 44

◦ deyaccify 2 20 — 25 33 4 3 87

◦ yaccify — — — — 1 — 1 2

◦ eliminate 1 8 1 14 22 — — 46

◦ introduce — 1 30 4 13 3 34 85

◦ import — — 2 — — — 1 3

◦ vertical 5 7 7 8 22 5 8 62

◦ horizontal 4 19 5 17 31 4 4 84

◦ add 1 14 13 7 20 28 20 103

◦ appear — 8 11 8 25 2 17 71

◦ widen 1 3 — 1 8 1 3 17

◦ upgrade — 8 — 14 20 2 2 46

◦ unite 18 2 — 18 21 5 4 68

◦ remove — 10 1 11 18 — 1 41

◦ disappear — 7 4 11 11 — — 33

◦ narrow — — 1 — 4 — — 5

◦ downgrade — 2 — 8 3 — — 13

◦ define — 6 — 4 9 1 6 26

◦ undefine — 3 — 5 3 — — 11

◦ redefine — 3 — 8 7 6 2 26

◦ inject — — — 2 4 — 1 7

◦ project — 1 — 1 2 — — 4

◦ replace 3 1 2 3 6 1 1 17

◦ unlabel — — — — — — 2 2

Table 7 XBGF operators usage for JLS convergence.

5.1 Grammar recovery

The main objective of the JLS study is to discover grammar relationships, but an “important

byproduct” of the study is a consolidated Java grammar. Hence, this particular instance of

grammar convergence (perhaps more than grammar convergence in general) relates strongly

to other efforts on grammar recovery. This topic has seen substantial interest over the last

10 years because of the need for grammars in various software engineering scenarios. We

categorize this work in the following.

Recovery option 1: Parser-based testing and improvement cycle

A by now classical approach to grammar recovery is to start from some sort of documen-

tation that contains a raw grammar, which can be extracted, and then to improve the raw

grammar through parser-based testing until all sources of interest can be parsed (such as test

programs, or entire software projects) (Sellink and Verhoef, 2000; Lämmel and Verhoef,

2001a,b; de Jonge and Monajemi, 2001; Alves and Visser, 2009). The actual improvement

steps may be carried out manually (Sellink and Verhoef, 2000; de Jonge and Monajemi,



Grammar
testing



Grammar-based testing

! Asymmetric comparison:

! Reference grammar vs. parser under test

! Symmetric comparison:

! Differential testing

! Systematic test data generation

! Controlled combinatorial coverage

! Larger sets of smaller test data items

! Nonterminal matching

! Non-context-free effects

G G’

P P’



Coverage criteria

! Trivial coverage: if the test data set is not empty.

! Nonterminal coverage: if each nonterminal is 
exercised at least once.

! Production coverage: if each production rule in 
the grammar is exercised at least once.

! Branch coverage: each branch of ?|*+

! Unfolding coverage: each production of each 
right hand side nonterminal occurrence

! Context-dependent branch coverage!



Nonterminal matching
1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Nonterminal matching
1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

universal
perfect

void

nearly perfect

exclusive

block



1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Nonterminal matching

Fischer, Lämmel, Zaytsev, Comparison of Context-free Grammars Based on Parsing Generated Test Data, SLE 2011, LNCS 6940, 2012.

http://grammarware.net/writes/%23TestMatch2012
http://grammarware.net/writes/%23TestMatch2012


Nonterminal matching
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fischer, Lämmel, Zaytsev, Comparison of Context-free Grammars Based on Parsing Generated Test Data, SLE 2011, LNCS 6940, 2012.

http://grammarware.net/writes/%23TestMatch2012
http://grammarware.net/writes/%23TestMatch2012
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documentation



Language documentation

! Given are:

! a grammar for a software language

! explanations in a natural language

! executable code samples

! known relationships between concepts

! How to do language documentation properly?

! By generating it from structured data!



Language documentation

Grammar Grammar’Annotation

Metasyntax

Instance



Documenting grammars

! IAL, FORTRAN

! ISO/IEC

! ECMA

! W3C

! OMG

! Design Patterns

! …
Klusener, Zaytsev, Language Stardardisation Needs Grammarware, ISO/IEC JTC1/SC22 Document N3977, 2005.

http://grammarware.net/writes/%23Needs-Grammarware2005
http://grammarware.net/writes/%23Needs-Grammarware2005
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Domain IAL Jovial Design Patterns Smalltalk Informix C# MOF XPath
concept [Bac60] [MIL84] [GHJV95] [Sha97] [IBM03] [Sta06] [MOF06] [BBC+07]
synopsis — ∼ intent synopsis ∼ ∼ ∼ —
description ∼ — motivation definition usage ∼ — ∼
syntax —a syntax structure ∼ ∼ ∼ — [NN]b

constraints — constraints applicability errors restrictions ∼ constraints ∼
references — — related patterns — references ∼ — ∼
relationship — — consequences return value, related return — ∼

refinement type
semantics — semantics collaborations — important ∼ semantics ∼
rationale ∼ notes implementation rationale GLS, ESc note rationale note
example examples examples sample code, — ∼ example — ∼

known uses
update — — — — — —d changes —
default — — — — note default — —

values

value — — also known as conforms to — — — —
list ∼ — — messages, terminals — properties ∼

parameters
section ∼ — — — ∼ ∼ — ∼
subtopic — types participants — fields parameters, operations functions

methods

Coverage
of
LDF

Table 2. Mapping language definitions to domain concepts for language documentation

a The absence of syntax elements means that grammar productions only occur within the designated part of a standard.
b All productions in XPath standard are numbered and marked as [1], [2], etc.
c GLS — Global Language Support, ES — an IBM Informix database type.
d For every version of C#, there is a separate document that summarizes the changes brought to the language.

Zaytsev, Lämmel, A Unified Format for Language Documents, SLE 2010, LNCS 6563, January 2011.

Unified model for language docs

http://grammarware.net/writes/%23LDF2011
http://grammarware.net/writes/%23LDF2011


Grammar
export



Generated Rascal

@contributor{BGF2Rascal exporter - SLPS - http://github.com/grammarware/slps/wiki/BGF2Rascal}
module CSharp

import ParseTree;
import util::IDE;
import IO;

layout WS = [\t-\n\r\ ]* !>> [\t-\n\r\ ];

start syntax CompilationUnit = UsingDirectives? GlobalAttributes? NamespaceMemberDeclarations?;

syntax UsingDirectives
 = UsingDirective
 | (UsingDirectives UsingDirective);

syntax UsingDirective
 = UsingAliasDirective
 | UsingNamespaceDirective;

syntax UsingAliasDirective
 = "using" Identifier "=" NamespaceOrTypeName ";";

…

http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
http://www.rascal-mpl.org/
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http://github.com/grammarware/slps/wiki/BGF2Rascal%7D
http://github.com/grammarware/slps/wiki/BGF2Rascal%7D


Generated SDF
module Main

exports
 context-free start-symbols Compilation-unit
  sorts
 …
  context-free syntax
        Using-directives? Global-attributes? Namespace-member-declarations? ! 
Compilation-unit

        Using-directive ! Using-directives
        Using-directives Using-directive ! Using-directives

        Using-alias-directive ! Using-directive
        Using-namespace-directive ! Using-directive

        "using" Identifier "=" Namespace-or-type-name ";" ! Using-alias-directive

…



Browsable grammars

http://slps.github.io/zoo/cs/csharp-ecma-334-1.html

http://slps.github.io/zoo/cs/csharp-ecma-334-1.html#compilation-unit
http://slps.github.io/zoo/cs/csharp-ecma-334-1.html#compilation-unit


Grammar analysis



Grammar-based metrics

! PROD, VAR, TERM, …

! VOC, LEN, EFF, PLEV, LLEV, …

! LEV, CLEV, RLEV, NLEV, …

! cf.

! J. F. Power, B. A. Malloy. A Metrics Suite for Grammar-Based 
Software. 2004. 

! T. Alves, J. Visser. Metrication of SDF Grammars. 2005.

! J. Cervelle, M. !repin!ek, R. Forax, T. Kosar, M. Mernik, G. 
Roussel. On Defining Quality Based Grammar Metrics. 2009.

! M. !repin!ek, T. Kosar, M. Mernik, J. Cervelle, R. Forax, G. 
Roussel. On Automata and Language Based Grammar Metrics. 
2010.



Micropatterns

! Recognisable

! Purposeful

! Prevalent

! Simple

! Scoped

! Observed

Zaytsev, Micropatterns in Grammars. SLE 2013

http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
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http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/
http://slps.github.io/zoo/


To summarise

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg

! Extraction

! recovery

! Evolution

! transformation

! negotiated

! pending

! Documentation

! Export

http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg
http://commons.wikimedia.org/wiki/File:Torii_kiyoshige_bando_hikosaburo_ii.jpg


Questions?
(What else would you like?)

vadim@grammarware.net

mailto:vadim@grammarware.net?subject=IPA
mailto:vadim@grammarware.net?subject=IPA
http://grammarware.net
http://grammarware.net

