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The End



What to expect

!Context of  grammar engineering

!Metamodels & paradigms

!Lots of  visualisations

!Reports on actual achievements

!???

!Profit!
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Grammar world

Grammar Grammar’



Grammar world: grammars

Grammar Grammar’
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Grammar world: instances

Grammar Grammar’
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Grammar world
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Grammar world: metamodels
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Grammar world

Grammar Grammar’Annotation
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Grammar world: annotations

Grammar Grammar’Annotation

Metasyntax

Instance

Documentation

Semantic 

actions

Decoration



Grammar world

Grammar Grammar’Annotation
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Grammar world

Grammar Grammar’Annotation

Metasyntax

Instance



Grammar world: transformations

Grammar Grammar’Annotation

Metasyntax

Instance
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Grammar world: synchronisations

Grammar Grammar’Annotation

Metasyntax

Instance Instance’
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Domain ! DSLs

BGF “BNF”LDF

BGF  EDD?

BTF
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What is BGF and what can it do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! BNF: symbols, composition

! EBNF: *, +, ?

! Production labels

! Expression selectors

! Universal type

! Namespaces



BNF-like Grammar Format
<?xml version="1.0" encoding="UTF-8"?>
<bgf:grammar xmlns:bgf="http://planet-sl.org/bgf">
! <root>grammar</root>
! <bgf:production>
! ! <nonterminal>grammar</nonterminal>
! ! <bgf:expression>
! ! ! <sequence>
! ! ! ! <bgf:expression>
! ! ! ! ! <star>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <selectable>
! ! ! ! ! ! ! ! <selector>root</selector>
! ! ! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! ! ! <nonterminal>nonterminal</nonterminal>
! ! ! ! ! ! ! ! </bgf:expression>
! ! ! ! ! ! ! </selectable>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </star>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <star>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <nonterminal>production</nonterminal>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </star>
! ! ! ! </bgf:expression>
! ! ! </sequence>
! ! </bgf:expression>
! </bgf:production>
! <bgf:production>
! ! <nonterminal>production</nonterminal>
! ! <bgf:expression>
! ! ! <sequence>
! ! ! ! <bgf:expression>
! ! ! ! ! <optional>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <selectable>
! ! ! ! ! ! ! ! <selector>label</selector>
! ! ! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! ! ! <nonterminal>label</nonterminal>
! ! ! ! ! ! ! ! </bgf:expression>
! ! ! ! ! ! ! </selectable>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </optional>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <selectable>
! ! ! ! ! ! <selector>nonterminal</selector>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <nonterminal>nonterminal</nonterminal>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </selectable>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <nonterminal>expression</nonterminal>
! ! ! ! </bgf:expression>
! ! ! </sequence>
! ! </bgf:expression>

http://planet-sl.org/bgf
http://planet-sl.org/bgf


BNF-like Grammar Format
<?xml version="1.0" encoding="UTF-8"?>
<bgf:grammar xmlns:bgf="http://planet-sl.org/bgf">
! <root>grammar</root>
! <bgf:production>
! ! <nonterminal>grammar</nonterminal>
! ! <bgf:expression>
! ! ! <sequence>
! ! ! ! <bgf:expression>
! ! ! ! ! <star>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <selectable>
! ! ! ! ! ! ! ! <selector>root</selector>
! ! ! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! ! ! <nonterminal>nonterminal</nonterminal>
! ! ! ! ! ! ! ! </bgf:expression>
! ! ! ! ! ! ! </selectable>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </star>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <star>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <nonterminal>production</nonterminal>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </star>
! ! ! ! </bgf:expression>
! ! ! </sequence>
! ! </bgf:expression>
! </bgf:production>
! <bgf:production>
! ! <nonterminal>production</nonterminal>
! ! <bgf:expression>
! ! ! <sequence>
! ! ! ! <bgf:expression>
! ! ! ! ! <optional>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <selectable>
! ! ! ! ! ! ! ! <selector>label</selector>
! ! ! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! ! ! <nonterminal>label</nonterminal>
! ! ! ! ! ! ! ! </bgf:expression>
! ! ! ! ! ! ! </selectable>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </optional>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <selectable>
! ! ! ! ! ! <selector>nonterminal</selector>
! ! ! ! ! ! <bgf:expression>
! ! ! ! ! ! ! <nonterminal>nonterminal</nonterminal>
! ! ! ! ! ! </bgf:expression>
! ! ! ! ! </selectable>
! ! ! ! </bgf:expression>
! ! ! ! <bgf:expression>
! ! ! ! ! <nonterminal>expression</nonterminal>
! ! ! ! </bgf:expression>
! ! ! </sequence>
! ! </bgf:expression>

grammar:
        root::nonterminal* production*
production:
        label::label? nonterminal::nonterminal expression
expression:
        epsilon::EPSILON
        empty::EPSILON
        value::value
        any::EPSILON
        terminal::terminal
        nonterminal::nonterminal
        selectable::(selector::selector expression)
        sequence::(expression+)
        marked::expression
        choice::(expression+)
        optional::expression
        plus::expression
        star::expression
value:
        int::EPSILON
        string::EPSILON
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What is LDF and what can it do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! A unified format for language 
document engineering

! Derived from real language 
documentation analysis

! Integrated with current research & 
infrastructure

! Published, reported

! Awaiting a case study



Mapping to LDF
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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.
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What is XBGF and what can it do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! Advanced operator suite for 
grammar transformation

! Based on earlier work

! Groups of  operators with respect 
to semantics preservation

! …to be continued…



VSC2 FST GDK GRK XBGF

add a definition for a bottom nonterminal

add a new definition

add a new definition & fold it

add a production to any nonterminal definition

add a production to the grammar

add alternatives to a choice

change the order in a sequence

do nothing

give a production a label

give a subexpression a selectable name

inject a nillable symbol

inject a terminal symbol

inject symbols to a sequence

inline a chain production

introduce a chain production

introduce a reflexive chain production

introduce several possibly interconnected definitions

merge two nonterminals

merge two nonterminals if their definitions are equal

merge two nonterminals, one of which is bottom

move a production across modules/sections

perform factoring transformation

perform folding transformation

perform massaging transformation

perform narrowing transformation (as in x? to x)

perform specialized automated factoring transformation

perform unfolding transformation

perform widening transformation (as in x+ to x*)

project a nillable symbol

project a terminal symbol

project symbols from a sequence

remove a definition of a possibly used nonterminal

remove a label from a production

remove a production from the grammar

remove a reflexive chain production

remove a selector in a subexpression

remove alternatives from a choice

remove any part of a grammar

remove unused definition

removes one production of a nonterminal (not the last one)

rename a label

rename a nonterminal

rename a nonterminal in a limited scope

rename a selector

replace a nonterminal with one of its definitions

replace a nonterminal with !

replace a terminal with another terminal

replace an expression by a nonterminal that can be evaluated 
to it

replace any expression with another expression

replace iteration with left-associative equivalent

replace iteration with recursion

replace iteration with right-associative equivalent

replace recursion with iteration

replace the current definition by a new one

separate one nonterminal into several (reverse of merge)

terminate transformation sequence

transpose a multi-production definition to the one with top-
level choices

transpose top-level choices to multiple productions

unfold & eliminate

resolve resolve resolve define

introduce introduce introduce introduce

extract extract extract

include include include addV

add add add

addH

permute permute permute

id id

designate

deanonymize

appear

concretize

inject

unchain

chain

detour

import

unite

equate equate

unify unify unify unite*

move

preserve* factor

fold fold fold fold fold

preserve simplify preserve massage

restrict* restrict* restrict* narrow

distribute

unfold unfold unfold unfold unfold

generalise generalise generalize widen

restrict* restrict* restrict* disappear

abstractize

project

reject reject reject undefine

unlabel

sub sub

abridge

anonymize

removeH

reset reset

eliminate eliminate eliminate reject eliminate

exclude exclude exclude removeV

renameL

rename rename rename renameN

substitute substitute replace*

renameS

downgrade

delete delete replace*

renameT

upgrade

replace replace replace replace

lassoc

preserve* yaccify

rassoc

preserve* deyaccify

redefine redefine

separate seperate separate

fail fail write dump

horizontal

vertical

inline
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What is XLDF and what can it do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! Operator suite for language 
document transformations

! Working prototype

! No expressiveness claims

! No previous work

! Future work



What else can SLPS do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! Numerous extractors:
ANTLR, DCG, Ecore, Java, SDF, PDF, 
Rascal, TXL, XSD, HTML, BNF, Spec



What else can SLPS do?

BGF “BNF”LDF

BGF  EDD?

Instance

XLDF XBGF

! Numerous exporters & pretty-printers:
EBNF, SDF, TXL, TEX, …E



What else can SLPS do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF! Coupled 
transformations



What else can SLPS do?

BGF “BNF”LDF

BGF  EDD?

BTF

XLDF XBGF

! Generators

! Convergence scenarios



Grammar transformation

! Grammar in, grammar out

! A set of  parametrised operators

! Programmable transformation steps

! Best way to approach grammarware engineering

! Generators: grammar in, transformation out



A fragment of  concrete syntax.
What if  we want to derive the abstract syntax?

expr : ...;
atom : ID | INT  | '(' expr ')';

Need to project 
away “(” and “)”

Need to 
merge “expr” 
and “atom”

Alternative 
needs to go 

entirely 



A transformation sequence

expr : ...;
atom : ID | INT  | '(' expr ')';

expr : ...;
atom : ID;
atom : INT;
atom : expr;

expr : ...;
expr : ID;
expr : INT;
expr : expr;

expr : ...;
expr : ID;
expr : INT;

expr : ...;
atom : ID | INT  | expr;

abstractize

vertical

project

unite

abridge



XBGF Operator Suite

! Semantics–preserving (refactoring)

" rename, import, introduce, eliminate

" fold, unfold, extract, inline, lift

" factor, distribute, horizontal, vertical

" yaccify, deyaccify, massage

" designate, unlabel

" ...

Java is Not Syntax-safe – Apparently

All tables

L(G1) = L(G2)

L(G1) ⊆ L(G2)

L(G2) ⊆ L(G1)

L(G1) "⊆ L(G2) ∨ L(G2) "⊆ L(G1)

Productions Nonterminals Tops Bottoms
app1 282 135 1 7
doc1 315 148 1 9
app2 185 80 6 11
doc2 346 151 1 11
app3 245 114 2 12
doc3 435 197 3 14

Figure 1: Metrics for the JLS grammars.

1



XBGF Operator Suite

! Semantics–increasing/–decreasing

" appear, disappear

" narrow, widen

" add, remove

" upgrade, downgrade

" unite

" ...

Java is Not Syntax-safe – Apparently

All tables

L(G1) = L(G2)

L(G1) ⊆ L(G2)

∨

L(G2) ⊆ L(G1)

L(G1) #⊆ L(G2) ∧ L(G2) #⊆ L(G1)

Productions Nonterminals Tops Bottoms
app1 282 135 1 7
doc1 315 148 1 9
app2 185 80 6 11
doc2 346 151 1 11
app3 245 114 2 12
doc3 435 197 3 14

Figure 1: Metrics for the JLS grammars.

1



XBGF Operator Suite

! Semantics–revising

" undefine, define

" inject, project

" permute

" abstractize, concretize

" replace, redefine

Java is Not Syntax-safe – Apparently

All tables

L(G1) = L(G2)

L(G1) ⊆ L(G2)

∨

L(G2) ⊆ L(G1)

L(G1) #⊆ L(G2)

∧

L(G2) #⊆ L(G1)

Productions Nonterminals Tops Bottoms
app1 282 135 1 7
doc1 315 148 1 9
app2 185 80 6 11
doc2 346 151 1 11
app3 245 114 2 12
doc3 435 197 3 14

Figure 1: Metrics for the JLS grammars.

1



Grammar refactoring example

ClassBodyDeclarations:
        ClassBodyDeclaration
ClassBodyDeclarations:
        ClassBodyDeclarations ClassBodyDeclaration
ClassBody:
        "{" ClassBodyDeclarations ? "}"

deyaccify(ClassBodyDeclarations);
inline(ClassBodyDeclarations);
massage(
 ClassBodyDeclaration + ? ,
 ClassBodyDeclaration * );

BGF (read2)

XBGF (grammar refactoring)

ClassBody:
        "{" ClassBodyDeclaration * "}"



Grammar extension example

ClassModifier:
        "public"
        "protected"
        "private"
        "abstract"
        "static"
        "final"
        "strictfp"

unite(InterfaceModifier, Modifier);
unite(ConstructorModifier, Modifier);
unite(MethodModifier, Modifier);
unite(FieldModifier, Modifier);
…  …  …

BGF (read2)

XBGF (grammar optimisation)

FieldModifier:
        "public"
        "protected"
        "private"
        "static"
        "final"
        "transient"
        "volatile"

MethodModifier:
        "public"
        "protected"
        "private"
        "abstract"
        "static"
        "final"
        "synchronized"
        "native"
        "strictfp"



Grammar revision example

Expression2:
        Expression3 Expression2Rest ?
Expression2Rest:
        ( Infixop Expression3 )*
Expression2Rest:
        Expression3 "instanceof" Type

project(
 Expression2Rest:
        < Expression3 > "instanceof" Type
);

BGF (impl2, impl3)

XBGF (grammar correction)



Methodology revealed

! Recovery of  languages

! Convergence of  languages

! Documentation of languages

! Also featured:

! Extraction

! Transformation

! Comparison

! Measurement



Grammarware metamodel

Input
text

Transform UnparseParse
Parse
tree

Output
text

Parse
tree

outdated



Source

Grammarware metamodel

Analyse SynthesiseExtract
Internal

representation
Results

Internal
representation
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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].
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SDF extractor

!Use SDF of  SDF

!Use ASF over it

!Construct BGF
    via XML
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Ecore extractor

!Use XMI
    representation

!Use XSLT over it

!Map classes to
   nonterminals, etc
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Grammar comparison

$ gdt ecore.bgf xsd.bgf 
Normalizing ecore.bgf.
Normalizing xsd.bgf.
Diffing ecore.bgf and xsd.bgf.
 - Names of defined nonterminals differ.
   - Intersection [Program, Function, Argument].
   - ecore.bgf only: [Exp, LiteralExp, ArgumentExp, IfThenElseExp, ApplyExp, 
BinaryExp, PlusExp, MinusExp, EqualExp].
   - xsd.bgf only: [Fragment, Expr, Literal, Binary, Ops, IfThenElse, Apply].
 - Comparisons per (common) nonterminal:
   - Ok: Program.
   - Fail (1/1): Function.
      - [], ,([s(name, v(string)), +s(argument, n(Argument)), s(definition, n(Exp))])
     vs.
      - [], ,([s(name, v(string)), +s(arg, v(string)), s(rhs, n(Expr))])
   - Ok: Argument.
 - Roots differ: [] vs. [Program, Fragment].
$



Grammar measurement
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Convergence graph

Different versions of  a language as documented by specifications
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Relationships between languages
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JLS convergence results
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.

Convergence reveals relationships
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Language documentation

Assumptions

Backward compatibility: newer 
grammars include older ones

Within one spec: consistent 
& equivalent content

Implementability: 
some grammars are 
more permissive

Operability: the grammars work
Executability: 
examples run



Language documentation

! Proper treatment for heterogeneous content

! Explicit relations among parts of  a spec

! Effortless automated grammar extraction

! Learn from wikis, eBooks, browsable grammars

! Use IR and NLG

! Verification as a stable part of  grammar life cycle



Future work

! Automated grammar recovery (@grammarware)

! Grammar testing (@reallynotabba)

! Rascal grammar notation (@jurgenvinju)

! Analysing SLPS Zoo for ambiguities (@bbasten)

! CTS DSL (@anyahelene)

! … (@…)



Open questions

! Suggestive metrics for convergence

! Inference of  converging transformations

! Coupled evolution a.o. of  relationships

! Proofs about properties of  XBGF

! Reversibility (trafo) & round-tripping (extract-export)

! Metasyntax extentions & metametasyntax

! Bridging grammarware and modelware







The End


