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Recall: raw editing

ÁWorkflow2: raw editing (w. textualsyntax)

o AKA sourceediting

2

ModelConcrete
Syntax

Edit concreterepresentation
Å Insertcharacter(s)
Å Deletecharacter(s)
Å Replacecharacter(s)

Derive
abstractrepresentation
Å Parsetextual format
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LookinginsideadvancedIDEs

Fromparsersto developmenttools
Roundtripproperty
Modern services



Parsers: The TraditionalSetup

Sourcecodeof program

Abstract
syntaxtree (AST)

Parsing
(lexer+ parser)

Grammar



Parsersin Software EngineeringPractice

Sourcecodeof program

Abstract
syntaxtree (AST)

Errorreport

Parsing
(lexer+ parser)

Grammar

Errorrecoveryparsing



ViewGeneration+ Program Analysis

Sourcecodeof 
program

AST: Abstract
syntaxtree

Parsing
αVisitorέ

Callgraph

αVisitorέ

Typehierarchy



ASTsvsDOMs
Sourcecodeof 

program

AST: Abstract
syntaxtree

Typehierarchy(View)

Callgraph(View)

DOM: Document
ObjectModel

DOM

Well-formedness
constraints

Definedby a 
metamodel



PersitenceRoundtrip

Sourcecode

AST 1 DOM1

AST2 DOM2

Shouldbe 
equivalent



ModelEditingRoundtrip(e.grefactoring)
Sourcecode1

AST 1 DOM1

Source
code2

AST2 DOM2

αSerializationέΥ this is projection!

May or maynot
correctlyreproduce

formatting etc.

Aside: yes, this requiresa 
notation model-

CST (concretesyntaxtree)



TextualDSM Languages: An Overview
Sourcecode AST

Typehierarchy
(Analysismodel/ View)

Callgraph
(Analysismodel/ View)

DOM / 
Abstractsyntax

Well-formedness
constraints

Refactoring,
Simulationstep



GraphicalDSM Languages
Diagram model

Statechart
(other DSM)

Callgraph(View)

Well-formedness
constraints

Refactoring,
Simulation

Abstractsyntax

Thisis the notation model
The diagram image itself is not parsed!



GraphicalDSM Languages
Diagram image

Statechart
(other DSM)

Callgraph(View)

Well-formedness
constraints

Refactoring,
Simulation

Abstractsyntax
incl. notation



Traditional Architecture of Compilers

ÁOn demand parsing

o 9ȄǇƭƛŎƛǘ ǳǎŜǊΩǎ ǊŜǉǳŜǎǘ

o E.g. javac myClass.java

ÁParsing: 

o Successful: AST generated

o Failed: Errors reported 
(no AST)

ÁSemantic checks

o Successful: 
Machine code generated

o Failed: Errors reported
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Source 
Code AST

Machine 
Code

Error 
Report

parse generate

c
h

e
ck

Source: c



Modern Compilers in IDEs

ÁAuto-parse-and-check

o During typing: Parse 

o Upon save: Analyze

ÁParsing: 

o AST always generated 

o Error markers on failure

ÁSemantic analysis

o Successful: 
Machine code generated

o Failed: Errors reported
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Source: Guido Wachsmuth(Compiler Construction at TU Delft)

Editor
AST

Machine 
Code

parse
generate

analyze

Syntactic editor services: 
Åsyntax checking
Åsyntax highlighting
Åoutline view
Åcode folding
Åbracket matchingΧ

Semantic editor services: 
Åerror checking
Åreference resolving
Åhover help
Åαcodeminingέ
Åcode completion
ÅrefactoringΧ



Textual syntaxspecification

Regulargrammars

Context-free grammars



Textual Domain-specific Languages

ÁIdea

o Describing models as text files

ÁTextual development

o Long history (30+ years)

o Well-researched theory

o Mature tools
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Regular expressions

ÁPattern matching for strings

o Good support

ÅMost programming languages

ÅMore or less the same syntax

o Calculates and returns matches

ÁUsable as DSL parser?

o Weakexpressivepower

ÅExample: balancedparentheses(seepumpinglemma)

o Output is a single booleanvariable(doesit match?)

ÅMissing: interpretabilityof contents, error localization

o In somecases, not veryconciseΧ
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RegExp: Validation of email addresses
(?:(?:\ r\n)?[ \ t])*(?:(?:(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t] )+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?: \ r\n)?[ 
\ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:( ?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ 
\ t])*))*@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\0 31]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ 
\ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+ (?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?: (?:\ r\n)?[ \ t])*))*|(?:[^()<>@,;:\ \ ".\ [\ ] \000-
\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z |(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n) ?[ \ t])*)* \<(?:(?:\ r\n)?[ \ t])*(?:@(?:[^()<>@,;:\ \ ".\ [\ ] \000-
\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n) ?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t] )*))*(?:,@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])* )(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t] 
)+|\Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*) *:(?:(?:\ r\n)?[ \ t])*)?(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+ 
| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r \n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?: \ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t ]))*"(?:(?:\ r\n)?[ \ t])*))*@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031 ]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ]( ?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(? :(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(? :\ r\n)?[ \ t])*))* \>(?:(?:\ r\n)?[ \ t])*)|(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(? :(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)? [ \ t]))*"(?:(?:\ r\n)?[ \ t])*)*:(?:(?:\ r\n)?[ \ t])*(?:(?:(?:[ (̂)<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<> @,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|" (?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*))*@(?:(?:\ r\n)?[ \ t] )*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(? :[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [ \ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*|(?:[^()<>@,;:\ \ ".\ [\ ] \000- \031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|( ?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)* \<(?:(?:\ r\n)?[ \ t])*(?:@(?:[^()<>@,; :\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([ ^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ " .\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*(?:,@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ] | \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*)*:(?:(?:\ r\n)?[ \ t])*)?(?:[^()<>@,;:\ \ ".\ [\ ] \0 00-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@, ;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(? :[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*))*@(?:(?:\ r\n)?[ \ t])* (?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ". \ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[ ^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ] ]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))* \>(?:(?:\ r\n)?[ \ t])*)(?:,\s*( ?:(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)(?:\ .(?:( ?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ 
\ t])+| \Z|(?=[ \ ["()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t ])*))*@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t 
])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(? :\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| 
\Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*|(?: [^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\
]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)* \<(?:(?:\ r\n) ?[ \ t])*(?:@(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ [" 
()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n) ?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<> 
@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*(?:,@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@, 
;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t] )*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \
".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))*)*:(?:(?:\ r\n)?[ \ t])*)? (?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ ["()<>@,;:\ \ ". 
\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?: \ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z|(?=[\ [ 
"()<>@,;:\ \ ".\ [\ ]]))|"(?:[^ \ "\ r\ \ ]| \ \ .|(?:(?:\ r\n)?[ \ t]))*"(?:(?:\ r\n)?[ \ t]) *))*@(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t]) 
+| \Z|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*)(?:\ .(?:(?:\ r\n)?[ \ t])*(?:[^()<>@,;:\ \ ".\ [\ ] \000-\031]+(?:(?:(?:\ r\n)?[ \ t])+| \Z 
|(?=[\ ["()<>@,;:\ \ ".\ [\ ]]))| \ [([^\ [\ ]\ r\ \ ]| \ \ .)*\ ](?:(?:\ r\n)?[ \ t])*))* \>(?:( ?:\ r\n)?[ \ t])*))*)?;\s*)

This regular expression will only validate addresses that have had any 
comments stripped and replaced with whitespace

Source: http://www.ex-parrot.com/~pdw/Mail-RFC822-Address.html



Context-Free(CF) grammars

ÁWide-spreadadoption

o Sufficientexpressivepower for describingmodels

o Intuitive semanticsand usage

o Advanced parsingtechniques

ÅPerformance

ÅErrorlocalization

ÅΧ

o Automatedtooling for parsergeneration
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Example: CF grammarfor describing name lists

o Terminal Symbols

ÅάDánielέΣ άIstvánέΣ άZoltánέΣ άandέΣ ά,έ

o Non-terminal Symbols

Å«Name», «Sentence», «List»

«Name»::=  Zoltán | István | Dániel

«Sentence »::= « Name» | « List » and «Name»

«List »::= «List », «Name»| « Name»

Example from: Dick Grune, CerielJ.H. Jacobs: Parsing Techniques



Expressivepower is not everything
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typeDeclaration class {
name: " HelloWorld "
public
memberDeclaration : method {

name: " main"
public static
returns : builtinTypeRef void
parameterDeclaration : {

name: " args "
type : arrayType {

baseType: classRef " java.lang.String "
} 

}
body {

statement : instanceMethodInvocation {
methodName: " println " 
argument : stringLiteral "Hello, World" 
receiver : staticFieldAccessExpression {

fieldName : "out"
receiver : classRef " java.lang.System " 

}

public class HelloWorld {
public static void main( String [] args ) { 

System.out.println ("Hello, World");
} 

} Human aspectsin grammardesign:
ÅConciseness
ÅReadability
Å Intuitive meaning
ÅΧ

~ Defaultsyntax
generatedfrom

metamodel



The ParsingProcess

Derivationtrees

Lexervsparser

Linking & scoping



Example: CF grammar for describing name lists

o Terminal Symbols

ÅάDánielέΣ άIstvánέΣ άZoltánέΣ άandέΣ ά,έ

o Non-terminal Symbols

Å«Name», «Sentence», «List»

«Name»::=  Zoltán | István | Dániel

«Sentence »::= « Name» | « List » and «Name»

«List »::= «List », «Name»| « Name»

Example from: Dick Grune, CerielJ.H. Jacobs: Parsing Techniques



Derivation / ParseTree

Sentence

List

List

Name

Zoltán ,

Name

Zoltán and

Name

Zoltán
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Why is the 
derivation tree 

needed??



Additional practical tasks

ÁHandling input strings

ÁVariable handling

ÁHigh level analysis
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Input

Sentence

List

List

Name

Zoltán ,

Name

Zoltán and

Name

Zoltán
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Input string:

' Z' ' o' ' l ' ' t ' ' á' ' n' ' ' ' , ' ' Z'
' o' ' l ' ' t ' ' á' ' n' ' ' ' a' ' n' �hd�h��

' ' ' Z' ' o' ' l ' ' t ' ' á' ' n�h


