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Designing modeling languages

= Metamodel: a model of models
o Abstract syntax
o Concrete syntax

* Graphical model
* Textual model

o Well-formedness rules
o Behavioral (dynamic) semantics

o Translation to other languages




Evaluation of graphical editors

= Readable, easy to understand
= Editing slower

" Larger (20+ element) models: usability issues




Larger example model (Ontology

Visual Paradigm for UML Community Edition [not for commercial use]
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Forras: http://epress.anu.edu.au/cs/html/ch12s04.html
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Editors for textual languages

= Alternative: textual editing

= Basic understanding
o Widget to write text

o Additional support functions




Levels of support




Levels of support

= Simple text editor

o See Notepad

o Basic operations (clipboard, find/replace, etc.)

o Implemented generically in Eclipse
= Programmers editor

o See Notepad++, Emacs, Vim, ...

o Language-dependent services (syntax highlight, ...)
" |ntegrated editor

o See Eclipse JDT, Visual Studio

o Complex services (project support, autocomplete,
documentation, ...)
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JDT services
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JDT services

B Editor with
syntax
highlight
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private Constraint buildTypeConstraint(TypelListConstraint constraintSourc: 8 variableNumber : int

IASMTypedValue value = constraintSource.getValue();
CSPIntegerVariable variable = getlntegerVariable(value);
Collection<ASMType> types = constraintSource.qgetTypes();
ArrayList<IntegerSet> modelElements = new ArrayList<IntegerSet>();
ArrayList<Integer> nativeTypes = new ArrayList<Integer>();
int modelElementFound = @;
for (ASMType type : types) {
if (type instanceof ModelElementType) {
modelElementFound++;
List<Integer> modelCode = tr
.extractModelElementCode( (ModelElementType) type);

54 modelElements.add(new IntegerSet(setDomainSize, modelCode));
} else {
5¢ nativeTypes.add(typeMapping.get(type)); [)
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{ }
9 if (modelElementFound > @) nativeTypes.add(modelElementCode);

B0 Constraint intConstraint = null, setConstraint = null;

61 if (constraintSource.isPositive()) {

62 intConstraint = new IntConstantDomainConstraint(solver, variable,
63 nativeTypes.toArray(new Integer[nativeTypes.size()]));

64 if (modelElementFound » 1) {

f setConstraint = new OrConstraint(solver);
CSPSetVariable set = getSetVariable(value);
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JDT services
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JDT services

Plug-in Development - org.eclipse.viatra2.gtasm.staticcheck.solver/src/org/eclipse/viatra2/gtasm/staticcheck/solver/ConstraintSolver.java - Eclipse - /Users/stampie/Documents/...
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342 private Constraint buildTypeConstraint(TypelListConstraint constraintSourc
343 IASMTypedValue value = constraintSource.getValue();

344 CSPIntegerVariable variable = getlntegerVariable(value);
onstraintSource.qetTypes();

nents = new ArraylList<IntegerSet>();
= new ArraylList<Integer>();
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36¢ Constraint intConstraint = null, setConstraint = null;

61 if (constraintSource.isPositive()) {

362 intConstraint = new IntConstantDomainConstraint(solver, variable,
63 nativeTypes.toArray(new Integer[nativeTypes.size()]));
364 if (modelElementFound > 1) { o )
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S ) A
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Viatra2 Visualisation
Viatra Extra
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Viatra Docs
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@ getSetVariable(IASMTypedValu
© ~getStatus() - CSPStatus

i
3

i |
i > Debug Visualisation
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15 Eclipse
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JDT services

Plug-in Development - org.eclipse.viatra2.gtasm.staticcheck.solver/src/org/eclipse/viatra2/gtasm/staticcheck/solver/ConstraintSolver.java - Eclipse - /Users/stampie/Documents/...

(Imits | F9v | Gar v 35+ Qv Qv | | S| &G | ®S & | OS5l vy 3206
{£ Package Explorer 23 4 Plug-ins =0 ‘ [J] ConstraintSolver.java $2 =0 ‘EE Outline 23 [E] Task List =0
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» 15 > Viatra2 Core P 4l o variableNumber : int =
vi= Viatra2 Static Checker 347 private Constraint buildTypeConstraint(TypeListConstraint constraintSourc: : o
e S ) . 343 IASMTypedValue value = constraintSource.getValue(); @ vr: VariableRepositor
sy org.eclipse.viatra2.gtasm.staticcheck 2599 [} : . . . @ buildRelationConstraint(CSPSe
J ) A ) - 44 CSPIntegerVariable variable = getlntegerVariable(value);
» =7 org.eclipse.viatra2.gtasm.staticcheck.gui 169 - ‘ _ . . @ buildRelationConstraint{CSPSe
¥4 org.eclipse.viatra2.gtasm.staticcheck.solver 1 4 Collection<ASMType> types = constraintSource.getTypes(); build TypeConstraint(AndT
o 34 ArrayList<IntegerSet> modelElements = new ArraylList<IntegerSet>(); @ buildlype a ype
V igsrc 1871 347 A . <1 5 iveT _ A . <1 N i @ buildTypeConstraint(Conditiol
¥ I org.eclipse.viatra2.gtasm.staticcheck.sd T rrayList<Integer> nativeTypes = new ArrayList<Integer>(); m buildTypeConstraint(OrTypeC
*;J constraint 1871 348 int modelElementFound = @; build P i IYP
,Eﬁtem o 187 349 for (ASMType type : types) { B bu!IdTypeCOnstrafnt(Re ationF
R . 35( if (type instanceof ModelElementType) { @ buildTypeConstraint(TypeCon
> Bﬁvanables 1871 @ buildTypeConstraint(TypeEqu.

\ = = modelElementFound++;
b |J} ConstraintSolver.java 1871 ‘ A . .
EJ J List<Integer> modelCode = tr @ buildTypeConstraint(TypeList(

P |J] ConstraintSolverState.java 1370 ‘ i i
, D‘j CsPSolverEngine java 17 353 .extractModelElementCode( (ModelElementType) type); 0Aﬁ||TYDECO:étralnt(Type-:Const:
> D‘j Integerset java - a3 ) 354 modelElements.add(new IntegerSet(setDomainSize, modelCode)); o“ge:gre‘nedHspgrnscmm:sq .
i} - ! , @ . getCreatedHandlerConstraints
. ) else
> (5 META-INF 1014 . ! ( ) . [ ) @ »getCreatedSetNumber() - Intec
&7} build.properties 1014 ' nativeTypes.add(typeMapping.get(type)); @ . getCreatedVariableNumber()
) § 1 - a
% plugin.xml 1014 } ! © . getFailedVariables() : List<IAS

Pk%org‘gecode‘solver 1382 [https nf.mit

’lﬁ se.sics.jasper 1441 [http vn.inf.mit

359 if (modelElementFound > @) nativeTypes.add(modelElementCode); © s getHandlerState() : Constraint
an Sint intCon 2int = n setConstraint = null: @ getintegerVariable(IASMTyped

) { @ .~ getPossibleTypes(IASMTyped\

Viatra2 Visualisation

v > Viatra Extra i i
»j“‘jlncouery 362 ntDomainConstraint(solver, variable, @ get:“\al“‘)_"zla"::;;e;mu:c"lr
; - 363 ew Integer[nativeTypes.size()])); @ getsetvaria é( ypedvaly
Viatra Docs © . getStatus() - CSP5tatus

Debug Visualisation
» 15 Presentation Theme
v 15 Other Projects
P =% eat-homework-10
> i~j hu.bme.mit.socialnetwork 22 [https://svr

@ . initializeConstraintHandler(Va _
@ . initializeConstraintHandler(Va *
initializeVariable(CSPInteaerV: *

straint(solver);
etVariable(value);

"

P =% hu.cubussapiens.themes.presentation.feature
LI Katis_v2
1T Nyilt
>‘iﬁorg.eclipse.x(ext.graph Xtext-Syntax-View
P = > sicstus_allocation_sosym 892 [https://svn.
1_]SingleHDR
» 45 Dokumentumok

Location Type

¢ Documentation (1 item)
¢ Javadoc: Missing comment for public declarati CSPEnabledSets.java [org.eclipse.viatra2.gtasm.staticcheck.solver/sr line 37 Java Problem

» 45 Eclipse
b 45 Test Projects A
» 45 Eclipse Tanfolyam M
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JDT services: Error display and quick fix

340
341
342=
343
344
349
346
347
348
349
w3350

394

’E] ConstraintSolver.java 23

}

private Constraint buildTypeConstraint(TypeListConstraint constraintSourc
IASMTypedValue value = constraintSource.qgetValue();
CSPIntegerVariable variable = getlIntegerVariable(value);
Collection<ASMType> types = constraintSource.getTypes();
ArrayList<IntegerSet> modelElements = new ArrayList<InteqgerSet>();
ArrayList<Integer> nativeTypes = new ArrayList<Integer>();
int modelElementFound = @;
for (ASMType type : types) {

if (ty_pe instanceof ModelElementType) {

43 ty_pe cannot be resolved to a variable

5 quick fi ilable:
b Code( (ModelElementType) type);

@ Create local variable 'ty pe' rSet(setDomainSize, modelCode));

} el © Create field 'ty pe'

@ Create parameter 'ty pe' get(type)); ( )D
} o Create constant 'ty pe'
1 « Change to 'type'
if (mode gs.add(modelElementCode);
Constraivm Constraint = null;
if (cons.i. 7/

intConstraint = new IntConstantDomainConstraint(solver, variable,
nativeTypes.toArray(new Integer|[nativeTypes.size()]));
if (modelElementFound » 1) {
setConstraint = new OrConstraint(solver);
CSPSetVariable set = getSetVariable(value);

L.>

o - — ,
-




JDT services: Documentation

“ [1] ConstraintSolver.java 23‘7 =0 ‘ EE Outline 23‘ I'_a Task List ‘ =0
01} : AR W o N7
342E private Constraint buildTypeConstraint(TypelListConstraint constraintSourc: ° Va"?mfNymPef Tt”‘ '
343 IASMTypedValue value = constraintSource.getValue(); : :’1;“i”fﬁ”“’“’f
344 CSPIntegerVariable variable = getlntegerVariable(value); g ”; Rﬂaﬁ°"c°"s"ynucspﬁ
345 Collection<ASMType> types = constraintSource.getTypes(); =] bu;dReanonCon§UmnucsP&
346 ArrayList<IntegerSet> modelElements = new ArrayList<IntegerSet>(); ®  buildTypeConstraint(AndType
347 ArrayList<Integer> nativeTypes = new ArrayList<Integer>(); =] buﬂdeeCmuUamuCOnmnm
348 int modelElementFound = @- @ buildTypeConstraint(OrTypeC
349 for (ASMType type : typesa { @ buildTypeConstraint(RelationF

5 if (type instanceof ModelElementType) { . bundwpecm“"aW“Twmc°"v
- modelElementFound++- @ buildTypeConstraint(TypeEqu.
5 List<Integer> modelCode = tr @ buildTypeConstraint(TypeList(
.extractModelElementCode( (ModelElementType) type); ® . fillTypeConstraint{TypeConst/
o nnfl‘rn1rnr|rCDl't\n§traints() I
modelElem o List<Integer> I
355 1 else { org.eclipse.viatra2.gtasm.staticcheck.variables.TypeRepository.extractModelElementCode(ModelElem s trainty
356 nativeTyp  entType type) per() - Inted
~ } Number()
1 Extract a model element code set from the model element type ) : List<IAS
Constraint
359 if (modglElgmentFr PR |
360 Constraint intCon type the model element type -
361 if (constraintSou Returns: 4 \SMTyped\
3672 intConstraint the extracted set v ler(Relatior
'; nativ ITypedVvalc:
364 if (modelElem @ < [@ s

rﬁHandler(Va _
© . initializeConstraintHandler(va *

m__initializeVariable(CSPInteaerV: *
)4 »

o

365 setConstraint = new OrConstraint(solver);
366 CSPSetVariable set = getSetVariable(value);

LTt CI CRRE £




JDT services: Occurrence marker

private Constraint buildTypeConstraint(TypeListConstraint constraintSourcs
IASMTypedValue value = constraintSource.getValue();
CSPIntegerVariable variable = getlIntegerVariable(value);
Collection<ASMType> types = constraintSource.getTypes();
ArrayList<IntegerSet> modelElements = new ArrayList<InteqgerSet>();
ArrayList<Integer> nativeTypes = new ArrayList<Integer>();
int modelElementFound = @;
for (ASMType type : types) {
if (type instanceof ModelElementType) {
modelElementFound++;
List<Integer> modelCode = tr
.extractModelElementCode( (ModelElementType) type);
modelElements.add(new IntegerSet(setDomainSize, modelCode));
} else {
nativeTypes.add(typeMapping.get(type));
1

1
if (modelElementFound > @) nativeTypes.add(modelElementCode);

Constraint intConstraint = null, setConstraint = null;
if (constraintSource.isPositive()) {
intConstraint = new IntConstantDomainConstraint(solver, variable,
nativeTypes.toArray(new Integer[nativeTypes.size()]));
if (modelElementFound > 1) {
setConstraint = new OrConstraint(solver);
CSPSetVariable set = getSetVariable(value);

0

>




JDT services: Content assist

e Explorer 83 % Plug-ins‘\ =8| _ [J] ModelElementType.java ‘ =8
-1 *
> 4 tpmvisitors 2599 ~ 1 L ) ] ) ) ) )
v . variables 2599 342 private Constraint buildTypeConstraint(TypeListConstraint constraintSourc:
'ivugn R 343 IASMTypedValue value = constraintSource.qgetValue();
§ > types 1798 ; : . _ )
> D},ASMTypejava 151 344 CSPIntegerVariable variable = getlntegerVariable(value);
> Dl}BooleanType java 1042 345 Collection<ASMType> types = constraintSource.getTypes();
> EI}. DoubleType.java 1042 346 ArrayList<IntegerSet> modelElements = new ArraylList<InteqgerSet>();
> Dl}lntTypejava 1042 347 ArrayList<Integer> nativeTypes = new ArrayList<Integer>();
| . 1042 o
» [J} > ModelElementType.java 179/ int modelElementFound = 0;
» [J} MultiplicityType.java 1042 for (ASMType type : types) {
» 1) RelationType.java 1341 | if (type instanceof ModelElementType) {
b [J) StringType.java 1042 351 modelElementFound++;
R S e Q-';7—’~/~' I‘JQQ.Q.l.I
> |:A class n_:presenting a quel element type. A model elemeqt type is member of & modelElementFound : int 2
> ['aactlt;i’::erl];?rrmirr\cthiyr\’t:rr]fgcl:;nce genes are used to represent this hierarchy © modelElements : ArrayList<org.eclipse.viatra2.gtasm.staticcheck.solver.Int
> [:Author: ) o modelElementCode : Integer - ConstraintSolver : mD
Zoltan Ujhelyi (C) ModelElementType - org.eclipse.viatra2.gtasm.staticcheck.variables.types
>
> [ (® ModelChecker - org.ec pse.viatra2.modelCheck
> [ ® ModelCheckerPropertyProvider - org.eclipse.viatraZ. mode!Checker
> [' C] ModelCopy - org.eclipse.viatraZ copier
» I C] ModelCopyException - org.ec \ L
> D“"h 0 Modelinterpreter - org.eclipse.v
> D‘\}'h €3 ModelinterpreterFactory - org.ec v
> De' A 0 ModelMBean - javax.management.modelmbean e,
> DB,S (® ModelMBeanAttributelnfo - javax.management.modelmbean 1
3 (® ModelMBeanConstructorinfo - javax.management.modelmbean -
FHMETA- P - — . -
% model |C <> | R m
Press 'Tab' from proposal table or click for focus Press '“Space’ to show Template Propos 2| —
ﬁschemauu T T o >




= Program structure display views
= Navigation links between files

= Wizards

= Refactoring

" Incremental builder

= Run/Debug support

= Extensibility




Textual editors in Eclipse




Architecture

= Simple text editor




Architecture

= Simple text editor

Editor Editor

Load Save




Architecture

= Simple text editor

Editor Editor

Load Save

Reference?




Architecture

= Document model (MVC)

Editor Editor

Document model Document model

Parser Parser




Architecture

= Document model (MVC)

Editor Editor

Document model Reference Document model

Parser Parser




Document model

" In-memory object representation for files
= What to use for?

o Reference tracking
* Inside files
* Between files
o Editor services rely on it

* Content assist

e Qutline




Document model

= Structural information

o Typesetting information
* E.g. whitespaces

o Comments

o Abstract syntax
* Strongly connected to raw text

* |dentifiable text fragments

= Produced by

o Parsers




Document model




Document model

= Full details

o 1:1 correspondence between model and text

o Implemented by

e AST (Abstract Syntax Tree)
* ASG (Abstract Syntax Graph) - AST with resolved cross-edges

= QOverview level
o Model less detailed than file
o Supports common overview of different files




Document model

= Full details

o 1:1 correspondence between model and text

o Implemented by

e AST (Abstract Syntax Tree)
* ASG (Abstract Syntax Graph) - AST with resolved cross-edges

= QOverview level
o Model less detailed than file
o Supports common overview of different files




Example: IDT document model

= Java Object Model

o Classes
o Methods AST AST
o Attributes (filel.java) R (file2.java)

o For Java projects

Java Object Model
= AST

o Full detail
o On-demand model building




Example: IDT document model

" Java ObjeCt Model Is this detail level
o Classes enough? Why?

o Methods AST AST
o Attributes (filel.java) R (file2.java)

o For Java projects

Java Object Model

= AST
o Full detail
o On-demand model building




Producing a document model

= Using language-dependant parser

= Various important tasks
o Reading
o Tokenization
o Reference resolution
o Building AST/document models

= Error handling important

o User want detailed error information

o Error detection not enough




= Markers
o Attaching meta-information to files
o Supported by Platform Resources API

= Kinds
o Error marker
o Bookmark
o Task marker

O ...

o Custom markers




= Commonly used for feedback
o Parsers
o Analysis
o User-initialized (e.g. bookmarks)

= Free data structure
o Key-value pairs

o No display method is defined on platform level
* Marker users may use what information available
* Ignores any unexpected data

o Examples
 Problems view

e Bookmarks
* Tasks




= Associated to files

o More specifically to workspace resources
* Not EMF Resources ©

= Typical values

o Location
* File path
* Line number/offset code
o In case of problem markers

* Severity
* Message

* Category




Problem markers

O] Error Lo ‘Zj Tasks M@ Javadoc ‘ ] console | 4’ Search | £ Propertie | 12® Call Hier | B History" 255 Plug-in ‘ [ Xtext Sy ‘ %5 Debug | =C
0 errors, 70 warnings, 0 others <
Description Resource A | Path Location Type

¥ (& Plug-in Development (3 items)
C_.; lib/ is missing from source.. build.properties forg.eclipse.viatra2.loaders.vtcl_|pgparser line 6 Plug-in Problem
¢, Source folders should not be added to the src build.properties Jorg.eclipse.viatra2.loaders.vtcl_|pgparser line 7 Plug-in Problem
&; Source folders should not be added to the src build.properties forg.eclipse.viatra2.loaders.vtcl_|pgparser line 8 Plug-in Problem

b & Documentation (47 items)

@ Deprecation (1 item) e ) S O E—

b & Type Safety and Raw Types (16 items)
> ;:; Unnecessary Code (3 items)




= Quick fixes can be attached to problem markers
o Possible file manipulations
o Goal: fixing the problem

o In most cases, it is done over the document model




Using the document model

= Content Assist
o List the defined elements
o Model specific filtering possible

= Qutline support
o Primitive filtered display of the model

= Navigation through references

o Occurrence marking

o Navigation links




Using the document model

= Refactoring
o Easier to do on the model

* Changes are easier to understand

o Model supports serialization
= Pretty printing

o Model serialization

o Adding white spaces
* Good pretty printing greatly helps understanding ©




Editing textual languages




Processing textual languages

= Processing natural languages
= XML processing

= Regular expressions

= Grammar-based solution

o Manually coded parsers

o Generated parsers




Processing natural languages

= “Hard” problems to tackle
o Context-information not always available

o Not (well) defined semantics
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Multiple parse trees based on context

&S &



XML processing

= XML: standard textual format

= Schemes available
o Roughly equivalent to metamodels

" Good tooling

o Multiple serialization/deserialization techniques
* DOM, SAX, etc.

o Validation support

o Query support




Problems with using XML

" Hard to write

o End tags

o Entity escaping (pl. &gt; &#8222;)
= Hard to read

o Strictly a tree structure

o Reference resolution is not automatic




“It has been said that XML is like violence; if a
little doesn’t solve the problem, use more.”
— Sarkos in reddit

The essence of XIVIL is this: the problem it

solves is not hard, and it does not solve the
problem well.

— Phil Wadler, POPL 2003

http://quotes.cat-v.org/programming/




Regular expressions

= Pattern matching in character sequences
o Good support
* Most programming languages
* Basically common syntax (with differences)

o Find/returns matches in the text

= Usable for textual DSL parsing?




RegExp: Validation email addresses

(Z:2AAN PN * (2:(2:(2:[()<>@,5:\\" AN \000-\031]+(2:(2:(2:\r\m) 2[ \t] )+[\Z] (P=[\["()<>@,::\\", \[\]]){I " ["\"\r\\] I\\. {\t] (ZAAZENED) = (2:(2: \P\n) 2L \E)*)(2:. (2:(2:\r

\n) 20 \E)*(2:[A()<>@,;:\\"\[\] \000-\O31+(2:(?:( 2:\r\n) 2 \t] )+ [\z[ (2=[\["()<>@,;:\\"\ID) | (2: 1AV AN 1\ (2:2:\P\n) 2L \ED) " (2:(2:\AAn) 2 \eD) ) * @ (2: (2:\F\n) 2 \t])*(2:
[*()<>@,;:\\" A\ \O00Q 31]+(2:(2:(2:\r\n) [ \t1)+ | \Z| (2=[\["()<>@,;:\" AN INIANANAN TN ¥\ T (2: (2 \r\n)?[\t]) )(2:\(2:(2:\r\n) ?[ \t]) *(?:[* () <>@,;:\\".\[\] \00O-
\031]+ (Z:(2:(2:\An) 2 \t+ \Z[ (2=0\["()<>@,;:\\" AN NIENNNAT ARC: (2:\An) 2 \e])*))* | (2:8()<>@,::\\" A\ \000-\031]+(2:(2:(2:\r\n) 2 \t])+[\Z | (2=\["(}<>@,:
WA CIANAN D (22NN (2:2:\\n) 2D \<(Z(AAN)L M) *(2:@(2:[A()<>@,:\\" AN \000-\03 1+ (2:(2:(2:\ A\n)? \t])+ [\Z| (2=[\["()<>@,:\\".\
[\]]))I\[(["\[\]\r\\]l\\)*\](? (PANN) LN )2\ (2:(2ArAm) 2L \ED*(2:[ () <>@,5: W' AN \000\03L]+(2:(2:(2:\r\n) 2L AL+ [ \Z] (=[\[" ()<>@ 2N\ \ND) NI NNAAWT L) *\I (2
(2Ar\n)2[ \t] )*))* (22, @(?:(?:\r\n) ?[ \t])*(?: ["()<>@ AV AN \000-\031)+(2:(2:(2:\r\n) 20 \t])+ \Z[ (2=(\["(}<>@,:\W" X)) NLINNNAN W) AT (2:\\n) 2L\l )22\ (2x(2:
\r\n{?[\t]) &? [N)<>@,;:\\"\I\ \000-\031]+(2:(2:(3:\r\n) 2 \t] J+ [\Z| (2=\[" ) <>@ -\ \[\]]){I\[(["\[\]\r\\]I\\)*\](? (2 \r\n)?[\t])*)l*)* (2:(2\N\n)2[ \E)*)R (2 [N)<>@,; \
\" A\ \000-\031]+(2:(Z:(2:\r\n) 2 \t])+ NZ[ (2=1\["()<>@,;-\W" NI 1" (2:LAANANTTAN T (2:(2:\A\n) 2 Nl (2:(2:\ \n) 20 \tD)*)(2:\ (2:(2:\r\n) 20 M) * (2:[A()<>@,:\\" \[\] \00O
\031+(2:(2:(2: \\n2L X+ \Z| (P=[\["()<>@,:: W AND) T IANAN D (2:AAn)2 1) (2:(2: \A\N2LL)*))*@(2:(2:\r\n) LAED* (%[N )<> @, \\"\[\ \000-\031 J+(?: (?:
AR 2D\ N\Z] (2= 0<>@,; AW ANID) ITEANNAN V2220 20D )2\ (2:(2APn) 2D \D)* (2:[A()<>@,:\\" A\ \000-\031]+(? :(2:(ZAr\n) 2[ \E])+ [ \2 [ (2=[\
["(0<>@,;:\\" AINID) NN NS NR:(2 AA\n) 2E\ED) ) \>(2:(2:\r\n) [ \t])*) [ (2:[* ()<>@,5:\\"\[\] \O00-\O3L]+(?:(? :(?:\r\n) ?[ \t])+ | \Z| (P=[\["()}<>@,;:\\"\[\ID) | " (?:[
NNV (Z:(2:\r\n)2 TAED)*"(2:(2:\r\n) 2LAE)*)*: (2:(2:Ar\n) 2L \E)* (2:(2: (2:[A()<>@,::\\" A\ \OOO-\O3 1]+ (2:(2:(2:\r\n ) 2[ \t])+ [ \Z | (?= [\["Q<>@ FANRATAVI ) LS ERAVATANV] AN
\1(2:(22\AN) 2L \ED)*(2:(2\AAn) 20\ *) 22\ (22NN 20 D * (2:[~()<> @,V \000-\03 1+ (2:(2:(2:\\n) 2L A+ [\z [ (=[\["()<>@,;:-\W" XN ™ (2:NNANT | (2:(2:\r
\N)20\ED)*"(2:(2ANN) 2L \)¥)* @ (2:(2:\r\n) 2L \t] ) ¥(2:[A()<>@,::\\" AN 00003 L]+(2:(2:(2:\r\n) 2 \t])+ \Z | (2=1\["()<>@,:\\ "\ NN [\ ) S\ 2:(2:\r\n)?
LAEDF)E(Z:(2:\r\n) 2L \ 1) *(2 :[()<>@,;:\\" \[\] \000-\O3L]+(2:(2:(2:\r\n) ?[ \t])+]\Z| (?=[\["()<>@,;:\\".\[ \]]QI\[([“\[\]\r\\ll\\)*\](7 (PANDZINE) )™ | (:[M)<>@,::\\"\
[\ \000- \03L+(2:(2:(2:\A\n) 2 \t]J+ [\Z{ (=I\["()<>@ ;A\ XD *(2: NN [ 222\ \n) 2D \E* (2:(2:\r\n) 2 \el) ¥ $\<(2:2:AAn) 2L \e]) *(2:@(2:[A()<>@,; \\"\[\]
\000-\031]+(?:(?:(?: \r\n)?[\t])+|\Zk(7‘[\["()<>@,, SN D) INUCEANNNAN TN\ (22(2AAR) 2L \E)*) (2:\(2:( 2 \r\n)?[\t]{ (2:17)<>@,:\' AN \000-\031]+(2:(2:(2:\r\n)?
D+ N\Z]=00<>@,; A NN NN AT AT (2N 20 \E) ) (25, @(2:(2:\r\n) 2 D) * (22 ()<>@,;:\\"\ ] \000-\031]+(2:(2:(2:\"\n) 2 \e])+ [ \Z]| (=]
["()<>@,, WA LN AN\ 2L *)(2:\.(2:(2:\r\n) 2L \ED)*(2:[()<>@,;:\\".\[\] \000-\O3L]+(?:(2:(2:\r\n)?[ \t])+| \Z| (?=[\["()}<>@,;: \\" ANID)Y NN
RAVVHAN *\]\ (AL A)*)) %) (2:(2:Ar\n) 2 \)*)?(2:04()<>@,;:\\"A[\] \O 00- \031]+\ (2:2:\r\n)2[ \t])+|\Z] (°= [\["({<>@" AWSANDCAANANT L (P:(2:\r\n)
D) (2:2\AAn) 20 D) *) (2220 2L D *(2:[A()<>@, ;2\ AT \000-\031]+(2:(2:(2:\A\n) 2[ eI+ [\Z| (2=[\["(}<>@ ;-\ NI 1" (2 AN AN [(2:(2:\r\n) 2 \t]))* (2
(Z:\\n2L\ED)*)*@(2:(2:Ar\n) [ \tD)* (2:[A()<>@,;\\" \[\] \OOO-AO3LT+(2:(2:(?:\r\n) [ \t]<+I\Z k(?=[\["()<>@,;:\\"- AN ALENNINANLN) (22 (2:\r\n) 2L \ED)*) (2:\(2:(2:\r
\n) 2D\ * (220 A)<>@,:\\" A\ \000-\0311+(2:(2:(2:\r\n) 2L \el)+ \Z] (2=1\I*()<>@,;:\\" I\ D) \HEANNNANT T\ 23 (2AAAR) 2D M) *)\S(2:(2\rAAn) 2\ *) (22 \s*( 2:(2:
[*()<>@,;:\\".\[\] \000- \031]+(? (2:(2\\n) 2D+ \Z] (P=1\["(0<>@,;:\\ "IN | (2PN AN | (2:(2:\r\n) 2 \e])*" (2:(2:\r\n) 2[ \t])*)(2:\. (2:( 2:\r\n) ?[ \t]) * (2:[*()<>@, ;2\
VAN \000-\O3L]+(2:(2:(2:\e\n) 2[ \t])+ | \Z] (2=[ \["()<>@ s \NWAND) (NN W L (Z2(2APAn) 2LNE))* (2:(2Ar\n) 2] \E1)*))* @ (2:(: \r\n{?[\t]) (2:[M)<>@,;:\\"\[\] \00O-
\03LJ+(2:(2:(2:\r\n) 2 \t )+ [\z| (2=[\["(}<>@,;:-\" AN SIENNNAN N2 AAR) 20D )2 A (2:(2:AAR) 2 \e]) *(2:[A()<>@,;:A\" A\ \000-\03LJ+(2:(2:(F\r\n) o[ \t])+|
\ZI = ()<>@,: W AND) NNV W (2:AAn) AL )™ (?: ["({<>@ ;:\\"\[\] \0OO- \031]+& ((2:(2\\n) 2L\ NZ | (2=\["(<>@,5:\\" N[\ TD) " (2:[A\"\r\NT T\, |
(2:(22\°\n) 2D\ T (2:(2:\) 2L\t *)\<(2:(2:\Rn) 2L\ *(2:@ (2:[M()<>@,;:\\" AT \000-\031]+(2:(2:(2:\r\n) 20 \t])+ \Z] (2=[\[" (1<>@,;:\" XD [\EEANAAN N #I(2+( 2
A\ 2LAE])*)(2:\(2:(2:\r\n) 20 \])*(2:[A()<>@,;:\\"\[\] \OOO-\O3L]+(?:(?:(2:\r\n) ?[ \t])+ | \Z| (?=[\["()<> @,;:\\". \[\]]))I\[(["\[\]\r\\]I\\)*\](? (2:\r\n) [ \t])*))*(?:, @ (?:(?:\r
\WZAED*(2:[A)<>@,: N\ NO0O0-AO3L]+(2:(2:(?:\r\n) 2L \t])+ | \Z] (2=[\["()<>@, 5 \\" AN NN NI (2:(2:\r\n) 2L D)2 (2:(2:\e\n) 20\ ) (2:[*()<>@ 2\ \
(\1\000-\031+(2:(2:(2:\r\n) 2 \t])+ [\Z[ (2=[\[" ()<>@,;:\\ "\ NIANINAN (22 (2 \r\n) [N %22\ 20 \e)*)2 (2:A()<>@,:\\" \[\] \000-\031]+(2:(2:(:\r
A2+ \Z] (P=[\["()<>@,;:\\". \[\]]){{"(7 LNAANT N (:(2:\rA0) 2L AED) " (2:(2:\r\n) 2T AED ™) 22\ (2:(2: \An) 2EAED*(2:[M)<>@,;:\\ AT\ \OOOAO3L]+(2:(2:(2:\r\n) P \t])+ |
\Z| (2=1\[ "(0<>@,;: \" NN " (2:NNAN [\ (2:2:2\RAn) 2 XDV (2:(2\rAn) 20 \t]) *))* @ (2:(2:\n\n) 2] \t])*(2:[A()<>@,;:\\"-\[\] \000-\03L]+(?:(2:(?:\r\n)2[ \t]) +\Z ] (2=[\
["0<>@,;:\\" AINID) NN N N2 (2:\r\n) 2L \E)*)(2:\ L (2:(2:\\n) 2L\ D) * (2:[2(0<>@,5:\\ " A\ \O00-\O3L]+(2:(2:(2:\r\n) ?[ D+ \Z | (?=[\["()<>@,;:\\"\\ID) \[([M\I]
AN E:(2AAR) 20D ) *\>(2:( 2:\r\n) 2[ \t])*))*) 2;\s*)

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

Forrds: http://www.ex-parrot.com/~pdw/Mail-RFC822-Address.html & @ © &



RegExp: Validation email addresses

(Z:2AAN PN * (2:(2:(2:[()<>@,5:\\" AN \000-\031]+(2:(2:(2:\r\m) 2[ \t] )+[\Z] (P=[\["()<>@,::\\", \[\]]){I (2 [M\"\W [\ {\t] (ZAAZENED) = (2:(2: \P\n) 2L \E)*)(2:. (2:(2:\r

\n) 20 \E)*(2:[A()<>@,;:\\"\[\] \000-\O31+(2:(?:( 2:\r\n) 2 \t] )+ [\z[ (2=[\["()<>@,;:\\"\ID) | (2: 1AV AN 1\ (2:2:\P\n) 2L \ED) " (2:(2:\AAn) 2 \eD) ) * @ (2: (2:\F\n) 2 \t])*(2:
[*()<>@,;:\\" A\ \O0O0Q 31]+(2:(2:(2:\r\n) 2[ \t])+ | \Z| (?=[\["()<>@,; A\ NN INIIANNNAN TN\ T2 2:ArAn) 2L D)2\ (2:(2:Ar\n )2 \)*(2:[*()<>@,::\\"\[\] \00O-
\031]+ (Z:(2:(2:\An) 2 \t+ \Z[ (2=0\["()<>@,;:\\" AN NIENNNAT ARC: (2:\An) 2 \e])*))* | (2:8()<>@,::\\" A\ \000-\031]+(2:(2:(2:\r\n) 2 \t])+[\Z | (2=\["(}<>@,:
WA (DA NN [ (2:(7: \r\n)’[\t]))*"(7 (2:Ar\n) 2L \D)*)*A\<(2:(2:\"\n)2[ \E])* (2:@(2:[*(}<>@,;:\\".\[\] \00O\O3LJ+(2:(2:(2:\ r\n)?[ \E])+ [ \Z (?=(\["(}<>@, : §\"\

INID) AN\ |\\ )*N(2:(?:\r\n )*NI(?:
VAT (AN @A A o

AN)<> " <>@,;:
OGS A @ OUtpUt IS a Si ngle boolean (\1\060
S At ) hes the | i
2:\r\n)? ?= ) ° ?=
["0<>@,;:\\"\INID) NN T € tEXt matc €S t € anguage or nOt )"
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AN E:(2AAR) 20D ) *\>(2:( 2:\r\n) 2[ \t])*))*) 2;\s*)

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

SRR Forrds: http://www.ex-parrot.com/~pdw/Mail-RFC822-Address.html ® @ © &

1782
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This regular expression will only validate addresses that have had any
comments stripped and replaced with whitespace

9 Forrds: http://www.ex-parrot.com/~pdw/Mail-RFC822-Address.html & @ © &
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Some people, when confronted with a
problem, think “I know, I'll use regular
expressions.” Now they have two problems.

Jamie Zawinski
http://regex.info/blog/2006-09-15/247




Parsers and grammars

Crash course on formal languages




Formal language

= Definitions (hon-precise)
o Language: set of possible sentences
o Sentence: series of symbols

o Alphabet: set of usable symbols




Examples using natural numbers




Examples using natural numbers

Alphabet: {0, 1, 2, 3,4,5, 6, 7, 8, 9}
Language of natural numbers:

O «0», «1», «2», «3», «4», «5», «b», «7», «8», «I»

Odd numbers below 15:

O «0», «2», «4», «b», «8», «10», «12», «14»

Language of odd positive numbers:

O «0», «2», «4», «b6», «8», «10», «12», «14», «16»,
«18», «20», «22», «24», «26», «28», ...
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Examples using natural numbers

Alphabet: {0, 1, 2, 3,4,5, 6, 7, 8, 9}
Language of natural numbers:

O «0», «1», «2», «3», «4», «5», «b», «7», «8», «I»

Odd numbers below 15:

O «0», «2», «4», «b», «8», «10», «12», «14»

Language of odd positive numbers:

O «0», «2», «4», «b6», «8», «10», «12», «14», «16»,
«18», «20», «22», «24», «26», «28», ...




Specifying languages

" Enumerating valid sentences
o Only works over finite languages
o E.g. note language of odd numbers
= Defining a finite algorithm
o Possible end result are the sentences of grammar

o If a sentence can be a result of the algorithm ->
sentence of the language




Example: Name enumerations

= Separate names with commas (*,’)
o Except before the last: there should be an ‘and’
o E.g..: Zoltan, Istvan and Daniel

= Name repeating allowed
o E.g.: Zoltan, Zoltan and Daniel

Forras: Dick Grune, Ceriel J.H. Jacobs: Parsing Techniques



Example: Name enumeration




Example: Name enumeration

= Algorithm
@ Daniel, Istvan, Zoltan are valid names
@A single name is a valid sentence

@A sentence followed by a comma and a name is also
valid

(4) When finishing, if the sentence ends with “,
«name»”, replace it with “ and «name»”




Example: Name enumeration

= Algorithm
@ Daniel, Istvan, Zoltan are valid names
@A single name is a valid sentence

@A sentence followed by a comma and a name is also
valid

(4) When finishing, if the sentence ends with “,
«name»”, replace it with “ and «name»”

«name» cannot

appear in the
sentences




Symbol types

" Terminal symbol
o Can appear in valid sentences
o Member of alphabet

= Non-terminal symbol
o Must not appear in valid sentences

= Parsing algorithm
o Replace non-terminals by symbol sequences (=)

o Algorithm ends
* Only terminal symbols remain -> valid sentence

* No more symbol replacement available
— Either error
— Or backtracking (if required)




Modified algorithm

o Alphabet

* “Daniel”, “Istvan”, “Zoltan”, “and”, “,”
o Non-terminal symbols

* «Name», «Sentence»

(1) «<Name» =» Ddniel | Istvdn | Zoltdn
(2) «Sentence» = «Name»
@«Sentence» = «Sentence», «Name»

(4) «Sentence» ends with “, «Name»” =>
“and” «Name»

@ Start with non-terminal «Sentence»




Modified algorithm

o Alphabet

* “Daniel”, “Istvan”, “Zoltan”, “and”, “,”
o Non-terminal symbols

* «Name», «Sentence»

(1) «Name» = Ddniel | Istvd i

(2) «Sentence» = «Name» This rule is
complex

(3) «Sentence» = «Sentence»,

(4) «Sentence» ends with “, «Name»” =>
“and” «Name»

@ Start with non-terminal «Sentence»




Categorizing formal languages




Categorizing languages

= Different grammars require different parsers
o Serious complexity differences
o Some grammars cannot be handled by generic parsers

* Chomsky-hierarchy of grammars

o Based on rule complexity




Recursively enumerable languages (Type 0)

= Unrestricted rules
o Equivalent by capabilities of Turing machines
= Generic parsing impossible

o Undecidability issues
* E.g. halting problem

o Parsers for specific languages are still implementable!




Context-sensitive grammars (Type 1)

" Two (equivalent) definitions
o Context-sensitive
* aAB=>ayp
°* o and BZ context sequences

* A:single non-terminal
* y: replacement sequence

o Monotonic
* RHS of rule contains more symbols then LHS

e LHS of rule contains non-terminal rules




Context-sensitive grammars (Type 1)

" Two (equivalent) definitions
o Context-sensitive

. GABQGVB Non-terminal A

can be replaced by
* o and B: context sequences sequence y

* A:single non-terminal
* y: replacement sequence

o Monotonic
* RHS of rule contains more symbols then LHS

e LHS of rule contains non-terminal rules




Context-sensitive grammars (Type 1)

= Generic context-sensitive parsing possible

o Enumerate all valid sentences
* Until given length

o Decidable and finite!
* If length is exceeded, it cannot be finished

o Slow




Context-free grammars (Type 2)

= Rules

OA=DY

e LHS: Single non-terminal symbol
* RHS: sequence of terminal and non-terminal symbols

o Context sensitive grammar with empty contexts




Context-free grammars (Type 2)

= Parsing
o Multiple approaches available
o Well researched benefits and disadvantages

o See later




Regular grammars (Type 3)

= Two types of rules:
o A=>a
o A=»oB

= Equivalent to regular expressions

o Implementations consists of some expressions




Regular grammars (Type 3)

= Parser: finite automaton

= Works for simple problems, but

o Nesting problematic
* See pumping lemma for regular languages

o Required for
* Parentheses
* Nested blocks (e.g. expression blocks)

o Typically required for common DSLs




Chomsky hierarchy for formal grammars

Generative
grammars

Context-
sensitive (CS)

Context free(CF)

Regular




Categorizing languages

= So far:
o Categorizing grammars
= Category of language:
o Consider all possible grammars

o The most strict grammar of the language determines
the language complexity




Example: Name enumeration

o Alphabet
* “Daniel”, “Istvan”, “Zoltan”, “and”, “,”
o Non-terminal symbols

* «Name», «Sentence»

(1) «<Name» =» Ddniel | Istvdn | Zoltdn
(2) «Sentence» = «Name»
@«Sentence» = «Sentence», «Name»

(4) «Sentence» ends with “, «Name»” =>
“and” «Name»

@ Start with non-terminal «Sentence»




Example: Name enumeration

o Alphabet

* “Daniel”, “Istvan”, “Zoltan”, “and”, “,”
o Non-terminal symbols

* «Name», «Sentence»

@«Name» = Ddiniel | Zuniiu *
(2) «<Sentence» = «Nam

Rule 4: Type O
(3) «Sentence» = «Sen

(4) «Sentence» ends with “,
“and” «Name»

@ Start with non-terminal «Sentence»




Example: CF grammar for names

o Alphabet

* “Daniel”, “Istvan”, “Zoltan”, “and”, “,”
o Non-terminal symbols

* «Name», «Sentence»

«Name»:= Zoltan | Istvan | Daniel
«Sentence»:=«Name» | «List» and «Name»

«List»:= «List», «Name»| «Name»




Railroad diagram

Sentence

and

Name —<— Zoltan ——

N Istvan

“— Daniel

List




Parsing CF languages




Applying grammars

= Select applicable rule

o Indeterministic selection process
* Different strategies for different algorithms
* Might be deterministic for selected algorithms

o Apply selected rule

o Repeat until
* Input sentence is found,

* Or no rule can be selected




Example: Derivation

«Name» : =

Zoltan |

Istvan |

Daniel
«Sentence»:=

«Name» |

«List» and «Name»
«List»:=

«List», «Name» |

«Name»




Example: Derivation

«Name» : =

«Sentence»

B e Apply «Sentence» ->«List» and «Name»
Istvan |
Daniel «List» and «Name»

«Sentence»:= . .
e Apply «List» -> «List», «Name»

«Name» |

«List» and «Name» «List», «Name» and «Name»

«List»:= e Apply «List» -> «Name»

«List», «Name» |
«Name» «Name», «Name» and «Name»

e Apply 3 times: «Name» -> Zoltan

Zoltan, Zoltan and Zoltan
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Example: Derivation

«Name» : =

«Sentence»
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Derivation Tree
[«Sentence»}

[ «List» ] [ «Name» ]

4 N\
«List» [ «Name» ]
. J

«Name»

I




= Goal:
o Creation of derivation tree

o What do we gain with a derivation tree?




Error Detection

[«Sentence»}

«List» ]

4 N\
«List» [ «Name» ]
. J

«Name»

I

[ «Név» ]




= Goal:
o Creation of derivation tree
o What do we gain with a derivation tree?

= Different approaches
o Non-directed methods
o Directed methods
o Search-based techniques
o Top-down approaches

o Bottom-up approaches




Top-down parsing

= Start: Sentence symbol
= Goal: execute rule applications and reach solution

" |n case of required decisions
o Predict and match

o Backtracking if required




LL(k) parsers

= Properties
o Left-to-right (reading order)
o Leftmost derivation

o k character look-ahead




LL(k) derivation

«Sentence» (1)

«List» (2) «Name» (6)
| |
«List» (3) «Name» (5)
- | y
«Name» (4)

—




Bottom-up parsing

= Start: Sentence
= Goal: Reach sentence symbol

" |nverse rule applications
o RHS matched to text




LR(k) parsers

= Properties
o Left-to-right (reading order)
o Rightmost derivation ()

o k character look-ahead




LR(k) derivation

«Sentence» (6)

«List» (4) «Name» (5)
| |
«List» (2) «Name» (3)
- | y
«Name» (1)

—




Choosing algorithm

" LL(k) CLR(k)

= LR(k) C CF
= |deas
o LL(k)

* Simpler algorithm
e Similar execution to reading -> more understandable
o LR(k)

* Higher expressive power

e Less memory consumed




Parsers in practice




Overview




Overview

= So far
o Grammars
o Parsers

= What is still missing?
o Input character stream handling
o Variable handling

o High-level analysis




Input

«Sentence»

«List»

«Name»

«List»

«Name»

«Name»

Zoltan Zoltan




Real input:

-

T =) (1) (=) R

EEEEEEEEEEEE




Input handling




Input handling

= |nput:
o Character stream

= Parser input
o Higher level tokens

 «Name», “,’ or “and”
o Lexers connect the gap
= Why is this indirection useful?

o Error handling
o Performance

o Problem decomposition




" Goal:
o Tokenizing character stream

o Similar to parsing problem
* But much simpler — typically regular expressions are enough
* |dentifying words and tokens
* Removing comments (and possible white spaces)

o Simplifies the task of the parser




Variable handling

a=3;
System.out.println(a);

= \/ariable

o Runtime
* Value stored/retrieved from an address

o Editing/parsing time
* Crossreference
* To another part of the AST




Variable handling

" Variable reference
o Usage of a variable

= Variable declaration
o Definition of a variable

"= Unique name (well-formedness constraints)

o Variable declarations must be identifiable
* Not necessary unique!

o Extra phase after parsing




Variable handling

= Parser provides
o Variable name is syntactically valid

= Resolver needs to check
o The existence of a corresponding definition

* Scoping problem

o Uniqueness of definition




Scoping problem

private int value;

public void setValue(int value) {
this.value = value;

What does ‘value’
refer to?




Scoping problem

= Solution
o Resolver defines approach

= Possible approaches
o Most specific declaration
o Error in case of conflicts
o Qualified names

O ...




Parsing process

/
Input: Character stream
Lexer Output: Token stream
o /
4 N\
Input: Token stream
Parser Output: AST
N /
/

| Input: AST
Resolver output: AsT

+ crossreference links

- v

Any other analysis

E.g.. type checking Ana IySiS
/




