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I think there is 

a world market 

for maybe five 

computers. 

I think there is 

a world market 

for maybe five 

computers. 

Thomas J. Watson 
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640K is more 

memory than 

anyone will 

ever need. 

640K is more 

memory than 

anyone will 

ever need. 

Bill Gates 
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The Macintosh uses 

an experimental 

pointing device 

called a “mouse”. 

There is no evidence 

that people want to 

use these things. 

The Macintosh uses 

an experimental 

pointing device 

called a “mouse”. 

There is no evidence 

that people want to 

use these things. 

John C. Dvorak 
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Why would you want 

support for (modular) 

language composition? 

  

You can always 

"cobble together" a 

few separate DSLs. 

Why would you want 

support for (modular) 

language composition? 

  

You can always 

"cobble together" a 

few separate DSLs. 

Anonymous 
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(1) Concepts 

(2) Tools 

(3) Demo 
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Concepts 

1 

Introduction 
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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 

C 

LEGO Robot 

Control  

Components 

State Machines 

Sensor Access 

General Purpose 

Domain  

Specific 
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L 

a 
b 

c 
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f 

g 
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o 

with many first  

class concepts! 

Big Language 

L 

 

 

  

 

Small Language 

and poweful concepts 
with a few, orthogonal 
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my  
L 

 

 

a b c 

d e f 

g h i 

j k l 

Modular Language 

composable modules 
with many optional, 
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Shorter 

Programs 

More 

Accessible 

Semantics 

For a limited 

Domain! 

Domain Knowledge 

encapsulated in 

language 
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Multi-Stage 

Transformation 
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Execution Semantics 

What does it  

all mean? 

Dn 

Dn+1 

Transformation 
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Multi-Stage 

L3 

L2 

L1 

L0 

Modularization 

Multi-Stage: Reuse 

L3 

L2 

L1 

L0 

Reusing  

Later Stages 
 

Optimizations! 

L5 
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Multi-Stage: Reuse 

L3 

L2 

L1 

L0 

L5 

Exten 

ded C 

Example 

C Text 

C (MPS tree) 

State Machine 

Components 

Robot Control 

Multi-Stage: Reuse 

L3 

L2 

L1 

L0 

L5 

Exten 

ded C 

Example 

C Text 

C (MPS tree) 

State Machine 

Components 

Robot Control 

Syntactic 

Correctness,  

Headers 

C Type System 

Consistency 

Model Checking 

Efficient Mappings 
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Multi-Stage: Reuse 

L3 

L2 

L1 

L0 

L1b 

L0b 

Reusing  

Early Stages 
 

Portability 

Multi-Stage: Reuse 

L3 

L2 

L1 

L0 

L1b 

L0b 
Exten 

ded C 

Example 

Java 

C# 
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Multi-Stage: Preprocess 

Adding an  

optional, modular 

emergency 

stop feature 
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Separation of 

Concerns – 

Referencing 

Several Concerns 
… in one domain 
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Several Concerns 
… in one domain 

integrated into 

one fragment 

separated into 

several fragments 

Viewpoints 

Refrige 

rators 

Example 

Hardware 

Behaviour 

Tests 
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Viewpoints: Why? 

Sufficiency 

Different Stakeholders 

Different Steps in 

Process – VCS unit! 

Fragment 

Fragment 

Fragment 

Referencing 
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Viewpoints 

Refrige 

rators 

Example 

Hardware 

Behaviour 

Tests 

1:n 
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Progressive Refinement 
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Referencing Referencing 

Referencing 

Dependent 

No containment 

Referencing 
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Refrige 

rators 

Example 

Referencing 
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Growing a 

Language -

Extension 

more specialized domains 

more specialized languages 

Extension Extension 
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more specialized domains 

more specialized languages 

Extension Extension 

more specialized domains 

more specialized languages 

Extension Extension 
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more specialized domains 

more specialized languages 

Extension Extension 

more specialized domains 

more specialized languages 

Extension Extension 
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Dn 

Dn+1 

  == 

Extension 
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Dn 

Dn+1 

  == 

Extension 

Dn 

  == 

Good for bottom-up (inductive) 

domains, and for use by 

technical DSLs (people) 

Extension 
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                Exten 

ded C 

Example 

Extension 
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Extension Extension 

Exten 

ded C 

Example 
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Overspecification! 

Requires Semantic Analysis! 

Declarative! 

Directly represents Semantics. 

Linguistic 

Abstraction 
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Def: DSL 

A DSL is a language at D that 

provides linguistic abstractions 

for common patterns and idioms 

of a language at D-1 when used 

within the domain D. 

Def: DSL cont’d 

A good DSL does not require the 

use of patterns and idioms to 

express semantically 

interesting concepts in D. 

Processing tools do not have to 

do “semantic recovery” on D 

programs. 

Declarative! 
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Behavior Drawbacks 

tightly bound to base 

potentially hard to analyze 

  the combined program 

Extension 

Behavior 

Critically Important! 

Extension combination refers 

to the ability to use a number 

of independent extensions of 

the same base language in a 

single program. 

Extension Composition 
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Language 

Embedding 
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Embedding 

Embedding Embedding 
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Containment 

Independent 

Embedding 

Pension 

Plans 

Example 

Embedding 
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Behavior 
Embedding often uses 

Extension to extend the 

embedded language to adapt it 

to its new context. 

Embedding 
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A Systematic 

Approach 

Behavior 
Language Modularity,  

Composition and Reuse (LMR&C) 

increase efficiency  

of DSL development 



20.04.2013 

40 

Behavior 
Language Modularity,  

Composition and Reuse (LMR&C) 

increase efficiency  

of DSL development 

Referencing 

Reuse 

Extension 

Reuse 

4 ways of composition: 

Behavior 
Language Modularity,  

Composition and Reuse (LMR&C) 

increase efficiency  

of DSL development 

distinguished regarding 

dependencies and fragment 

structure 

4 ways of composition: 
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Behavior 
Dependencies: 

do we have to know about the 

reuse when designing the 

languages? 

Behavior 
Dependencies: 

do we have to know about the 

reuse when designing the 

languages? 

homogeneous vs. heterogeneous 

(„mixing languages“) 

Fragment Structure: 
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Behavior 
Dependencies & 

Fragment Structure: 

Behavior 
Dependencies & 

Fragment Structure: 
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Concrete 

Syntax 
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Combinations 

Combinations 
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Combinations 

Combinations 
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Tools 

2 
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Example Tools 

Parser-based LL(k) 
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MPS 

Example Tools 

Projectional 

Spoofax 

Example Tools 

Parser-based GLR 
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Language Extension 

C extensibility in mbeddr 

MPS 

Plain C 
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Language Extension 

C extensibility in mbeddr 

MPS 

Plain C 

C + Units 

Language Extension 

C extensibility in mbeddr 

MPS 

C + State Machines 
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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. 
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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. 
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Language Extension 

Extending Xbase with Dates 

Xtext 

Grammar 

Repeat complete Xliteral rule,  

adding the XDateLiteral 

Language Extension 

Extending Xbase with Dates 

Xtext 

Type system 
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Language Extension 

Extending Xbase with Dates 

Xtext 

Interpreter 

Compiler 
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Embedding 

Useful for Meta Data 

MPS 

N
o
 D

e
p
e
n
d
e
n
c
i
e
s
 

o
n
 a

n
y
t
h
i
n
g
. 
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Meta 

Extending the Tool 

… since it is bootstrapped! 

MPS 
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Extending the Tool 

… since it is bootstrapped! 

MPS 

Extending MPS is (almost) like 

extending any other language! 
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Transfor- 

mation & 

Generation 

Multi-Stage Trafo 

MPS‘ Transformations 

MPS 



20.04.2013 

59 

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 
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Transformations 

with concrete Syntax & IDE 

MPS 

Transformations 

with concrete Syntax & IDE 

MPS 
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Transformations 

with concrete Syntax & IDE 

MPS 

Transformations 

With local dependencies 

MPS 

A transformation only specifies its 

relative priority to other 

transformations as necessary. 

 

This leads to composability also of 

transformations. 
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IDE 

Services 
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Find References 

Custom Finders 

MPS 

Find References 

Custom Finders 

MPS 
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Testing 
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Parser/Syntax Testing 

Declarative Approach 

Spoofax 

abstract syntax 

concrete syntax 

Constraints/Type Sys. 

Declarative Approach 

MPS 

Test annotations on the test 

subject – very concise. 
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Testing Semantics 

Expressing tests in language  

MPS 

Generate/Interpret the tests 

along with the application code 

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. 
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Inspecting/ 

Debugging 
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Debugging DSLs 

Transformations & Code Gens 

Xtext 

Debugging DSLs 

Transformations 

MPS 

Multi-Level, Declarative: 
show intermediate models and the 
templates involved in trafo. 
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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 
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Debugging DSL Programs 

Extensible Debuggers 

MPS 

Language Extension 

Generated C Code 

Debugging DSL Programs 

Extensible Debuggers 

MPS 

Stepping 
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Debugging DSL Programs 

Extensible Debuggers 

MPS 

Watches 

Debugging DSL Programs 

Debugger Architecture 

MPS 
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Demo 

3 
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An extensible Version of C 

(and an IDE and a Debugger) 

gefördert durch das BMBF 

Förderkennzeichen 01|S11014 
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The End. 
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