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Intro- 

duction 



A DSL is a focussed, processable 

language for describing a 

specific concern when building 

a system in a specific domain. 

The abstractions and notations 

used are natural/suitable for 

the stakeholders who specify 

that particular concern. 



more in GPLs more in DSL 

Domain Size large and complex  smaller and well-defined 

Designed by guru or committee a few engineers and 

domain experts 

Language Size large small 

Turing-

completeness 

almost always often not 

User Community large, anonymous and 

widespread 

small, accessible and 

local 

In-language 

abstraction 

sophisticated limited 

Lifespan years to decades months to years (driven 

by context) 

Evolution slow, often 

standardized 

fast-paced 

Incompatible 

Changes 

almost impossible feasible 



L 

a 
b 

c 

d 

e 

f 

g 
h 

i 

j 

k 

m 

n 

o 

with many first  

class concepts! 

Big Language 
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Small Language 

and poweful concepts 
with a few, orthogonal 
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Modular Language 

composable modules 
with many optional, 





Language 
Workbench 

(Martin Fowler) 



Language 
Workbench 

(Martin Fowler) 

Freely 

define 

integrate 
them 

languages and 
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Language 
Workbench 

(Martin Fowler) 

use 
persistent 

abstract 
representation 



Language 
Workbench 

(Martin Fowler) 

language ::= 

schema 
editors 

generators 
+ 

+ 
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Language 
Workbench 

(Martin Fowler) 

editing 
projectional 



Language 
Workbench 

(Martin Fowler) 

persist 

incomplete 

contradictory 
information 

or 



Language 
Workbench 

(Martin Fowler) 

powerful 

editing 
testing 

refactoring 
debugging 

language definition 

IDE definition 
implies 

+ 
groupware 



Language 
Workbench 

(Martin Fowler) 

support for 
„classical“ 

programming 
„classical“ 

modeling 
and 

+ 





Model or Code? 



beforeFlight 

airborne 

flying 

landing landed 

crashed 

next [alt > 0] 

reset 

next [alt == 0 && speed == 0] 

next [alt == 0 && speed > 0] 

next [alt == 0 && speed == 0] 

Model or Code? 



Model or Code? 



Model or Code? 



Model or Code? 

Does it really matter? 

What is the difference? 

Who cares? 





Example 

Tools 



Example Tools 

Parser-based LL(k) 



MPS 

Example Tools 

Projectional 



Spoofax 

Example Tools 

Parser-based GLR 





Syntax 



Concrete and Abstract 



Parsing 

Parsing 



Parsing vs. Projection 

Parsing Projection 





Parsing 

BNF, EBNF Grammars 



Parsing 

Grammar Classes 

LL 

LL(k) 

LL(*) 

LR 

… 

Limitations 

wrt. all 

Context Free 

Grammars 



Parsing 

Grammar Class Limitations 

Left Recursion! 

Not supported by LL Parsers 



Parsing 

Grammar Class Limitations 

Left Recursion! 

Not supported by LL Parsers -> Left Factoring 



Parsing 

Grammar Class Limitations 

-> LL(1) Alternative:  
GLR or Earley parsers  

    -> parses all CFGs 

    -> O(n), O(n3) worst case  



Parsing 

Ambiguities & Grammar Classes 



Parsing 

Ambiguities & Grammar Classes 

-> LR 

-> LL 

Problem: Precedence encoded  

in grammar structure! 



Parsing 

Ambiguities & GLR Parsers 

Better: Declarative, Extensible 

Spoofax 





Projection 

Very Flexible Syntax 

MPS 



Projection 

Very Flexible Syntax 

MPS 



Projection 

Very Flexible Syntax 

Challenges: Editor Usabililty,  

Infrastructure Integration 

MPS 



Projection 

Editor Usability 

MPS 

Traditionally a challenge. 

Mostly solved in MPS. 



Projection 

Editor Usability  

 

 

 

 

Aliases 

  Side Transformations 

    Smart References 

      Smart Delimiters 

        Delete Actions 

          Wrappers 

             Create Ref Target 

 

MPS 

Traditionally a challenge. 

Mostly solved in MPS. 



Projection 

Infrastructure Integration 

MPS 





Scoping 



Typical Approach 

Scope = Function that returns the 

possible target elements for a 

referenece 

Today‘s Approach (Xtext or MPS) 



Typical Approach 

Scope = Function that returns the 

possible target elements for a 

referenece 

Implemented as procedural code. 

Today‘s Approach (Xtext or MPS) 





New Idea 

Using DSLs for defining DSLs 

Use dedicated DSLs to define 

aspects of DSLs 

 

  

 

  

  

  



New Idea 

Using DSLs for defining DSLs 

Use dedicated DSLs to define 

aspects of DSLs 

 

Old idea for grammar/syntax. 

 

 

 

 



New Idea 

Using DSLs for defining DSLs 

Use dedicated DSLs to define 

aspects of DSLs 

 

Old idea for grammar/syntax. 

 

Now increasingly used for other 

aspects such as scoping (we‘ll see 

type system, debugging later) 



Spoofax NBL 

Defining Namespaces 

Define Namespaces: 

Qualified Names 

Spoofax 



Spoofax NBL 

Defining Namespaces 

Name Qualification implies Uniqueness 

Limitations on Visibility 

Spoofax 



Spoofax NBL 

Defining References 

Spoofax 



Spoofax NBL 

Defining References 

Not clear which Entity!  

Spoofax 



Spoofax NBL 

Defining References 

Integration with type system required. 

Spoofax 





Type 

System 



Assign fixed types 

Type Systems? 



Assign fixed types 

Derive Types 

Type Systems? 



Assign fixed types 

Derive Types 

Calculate Common Types 

Type Systems? 



Assign fixed types 

Derive Types 

Calculate Common Types 

Check Type Consistency 

Type Systems? 





Declarative Type Sys. 

Unification/Solver (MPS) 

Type System Implementation: 

Example Code: 

MPS 



Declarative Type Sys. 

Unification/Solver (MPS) 

Type System Implementation: 

Example Code: 

Example Scenario 1 

MPS 



Declarative Type Sys. 

Unification/Solver (MPS) 

Type System Implementation: 

Example Code: 

Example Scenario 2 

MPS 



Declarative Type Sys. 

Unification/Solver (MPS) 

Type System Implementation: 

Example Code: 

Example Scenario 3 

MPS 



Declarative Type Sys. 

Unification/Solver (MPS) 

Type System Implementation: 

Example Code: 

Example Scenario 4 

MPS 



Declarative Type Sys. 

„Automatic“ Type Inference 

Example Code: 

MPS 



Declarative Type Sys. 

„Automatic“ Type Inference 

Type System Implementation: 

Example Code: 

That is all! 

MPS 





Declarative Type Sys. 

Pattern Matching 

Spoofax 



Declarative Type Sys. 

Pattern Matching 

Spoofax 



Declarative Type Sys. 

Pattern Matching 

Spoofax 



Declarative Type Sys. 

Pattern Matching 

Spoofax 





Transfor- 

mation & 

Generation 



Text Template Engine 

Xtext‘s Xtend (M2T, M2M) 

Not „just“ a template language 

like StringTemplate or Xpand. 

 

Actually a very nice and full-

blown GPL with special support 

for text templating and model 

navigation, query and 

construction. 

Xtext 



Text Template Engine 

Xtext‘s Xtend (M2T, M2M) 
Java Like 

Many improvemnts over Java 

  

Xtext 

Modularization via DI 

 

Template Expressions 

Smart Whitespace Handling 

Functional Abstractions 

Dispatch on Arguments 

Extension Methods 

Builders 



Text Template Engine 

Xtext‘s Xtend 

Xtext 





Model Inferrence 

Xtext, Xbase and Java 

Xtext 

Instead of generating Java source, 

M2M to Java AST (for structurally 

relevant parts) 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 

Instead of generating Java source, 

M2M to Java AST (for structurally 

relevant parts) 

You get code gen implicitly. 

 

 

 

 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 

Instead of generating Java source, 

M2M to Java AST (for structurally 

relevant parts) 

You get code gen implicitly, 

but also: 

  scoping 

  type system 

  debugger 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 



Model Inferrence 

Xtext, Xbase and Java 

Xtext 

Java text for the 

body/implementation. 

(no IDE support here) 





Multi-Stage Trafo 

MPS‘ Transformations 

MPS 



Multi-Stage Trafo 

MPS‘ Transformations 

MPS 



Transformations 

with concrete Syntax & IDE 

IDE support for target language 

Macros contain template code 

M2M with M2T „feel“ 

MPS 



Transformations 

with concrete Syntax & IDE 

MPS 



Transformations 

with concrete Syntax & IDE 

MPS 



Transformations 

with concrete Syntax & IDE 

MPS 



Transformations 

Builders are supported as well 

Language Extension: 

  No builder functions necessary 

  IDE support 

  But is specific for Models 

 

MPS 





Inter- 

pretation 



Live IDEs 

Embedding Interpreters 

MPS 

real-time feedback in the IDE! 





IDE 

Services 



Syntax Highlighting 

Declarative Approach 

MPS 



Syntax Highlighting 

Declarative Approach 

MPS 



Syntax Highlighting 

Declarative Approach 

Spoofax 



Find References 

Custom Finders 

MPS 



Find References 

Custom Finders 

MPS 



Formatting 

Declarative Box Language 

Spoofax 



Visualization 

Jan Koehnlein‘s GraphView 

Xtext 





Modulari-

zation, 

Extension 

and  

Composition 



Language Extension 

C extensibility in mbeddr 

MPS 

Plain C 



Language Extension 

C extensibility in mbeddr 

MPS 

Plain C 

C + Units 



Language Extension 

C extensibility in mbeddr 

MPS 

C + State Machines 



Language Extension 

C extensibility in mbeddr 

MPS 

C + State Machines 

… and Units! 

-> combination of 

independent ex- 

tensions! 



Language Extension 

„Embedding“ Xbase into DSL 

Xtext 

Entities using Java types and Xtend code 

in the body of operations. 



Language Extension 

„Embedding“ Xbase into DSL 

Xtext 



Language Extension 

„Embedding“ Xbase into DSL 

Xtext 

See before … results in generator, scoping, 

typing, etc. with little additional work. 



Language Extension 

Extending Xbase with Dates 

Xtext 

Grammar 

Repeat complete Xliteral rule,  

adding the XDateLiteral 



Language Extension 

Extending Xbase with Dates 

Xtext 

Type system 



Language Extension 

Extending Xbase with Dates 

Xtext 

Interpreter 

Compiler 





Embedding 

Useful for Meta Data 

MPS 
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Testing 



Parser/Syntax Testing 

Declarative Approach 

Spoofax 

abstract syntax 

concrete syntax 



Constraints/Type Sys. 

Declarative Approach 

MPS 

Test annotations on the test 

subject – very concise. 



Testing Editors 

Using Moritz Eysholdt‘s Xpect 

Xtext 

Test expectations in comments. 

 

Can test various language aspects 

such as scopes, code completion, type 

system; also extensible. 





Debugging 



Debugging DSL Programs 

Xbase Automatic Debugging 

Xtext 

Make your DSL extend Xbase 
Use a JVMModelInferrer -> Java 
you then get Debugging for free 
 



Debugging DSL Programs 

Extensible Debuggers 

MPS 



Debugging DSL Programs 

Extensible Debuggers 

MPS 

Language Extension 

Generated C Code 



Debugging DSL Programs 

Extensible Debuggers 

MPS 

Stepping 



Debugging DSL Programs 

Extensible Debuggers 

MPS 

Watches 





The End. 
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