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Objectives

At the end of the course, you should be able to:
• Explain the purpose of Domain-Specific Languages, including several application areas

• Explain the basics of grammars and parsing

• Create basic textual Domain-Specific Languages, including editor support, validation and generators

Assessment:
• Modeling assignment using Domain-Specific Languages (in groups of 2 students)

• Reflection document on Model-Based Development (individual)
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Motivation

Domain-Specific Languages (DSL)
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What is Jargon?
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Oxford dictionaries:

• Special words or expressions
• used by a profession or group

• that are difficult for others to understand

Wikipedia:

• Terminology defined in relationship to

a specific activity, profession, group, or event
• … a barrier to communication with those not familiar with the language

➢A standard term may be given a more precise or unique usage
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What is a Domain-Specific Language?
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• What are your associations with the term Domain-Specific Language?

• Do you know any Domain-Specific Languages?
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What is a Domain-Specific Language?
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General-purpose programming languages:
• C, C++, Java, Python, etc.

Horizontal Domain-specific languages:
• HTML for web pages

• SQL for relational database queries

Vertical Domain-specific languages:
• Specifically designed for a specific application by a single company
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What about the other model-based techniques from this course?
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• PlantUML for Unified Modeling Language (UML)

• YAKINDU Statechart Tools for Finite-State Machines (FSM)

➔ Horizontal DSLs
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Generations of programming languages
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Modeling Perspective on DSLs

Bridging the semantic gap in modeling

Idea

Program/Model in high-level GPL

Reusable encoding
of domain

Simple description
of idea

Complex encoding
of idea and domain

Program/Model in low-level GPL

Off-the-shelf compilers

Informal:
• Human mind
• Documents

Formal:
• Models
• Compilers
• Source code

Model in DSL
Semantic gap
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DSL as Central Artifact

Generate analysis models

Validation

factor >30
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Microsoft Notepad: A Correct Sentence
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Microsoft Notepad: No Problem Detected, but …



2022-2023 Software Systems13

Microsoft Word: Spelling Error
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Microsoft Word: No Problem Detected, but …
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Microsoft Outlook: Wrong Times
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DSL as Central Artifact

Generate analysis models

Validation

factor >30



Metamodels and grammars

Domain-Specific Languages (DSL)
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Code generation
(.xtend)

Generated code
(.*)

Concrete syntax
(.xtext)

Textual input
(.supervisor)

Meta level, for developing the general infrastructure

Instance level, for developing a specific system

Model
(.xmi)

Abstract syntax
(.ecore)
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Compiler Technology
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Lexical Analysis
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• Regular expressions using Extended Backus-Naur Form (EBNF)
• Literal character sequences

‘while’

‘(‘

• Custom terminal definitions

• Terminals that are imported by default in Xtext:

• ID

• INT

• STRING

• ML_COMMENT (= multi-line comment)  Hidden by default

• SL_COMMENT (= single-line comment)  Hidden by default

• WS (= whitespace, tab, newline)  Hidden by default
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| choice
? optional
* zero or more times
+ one or more times
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Robot: (Message | Task)*

Message: 'Display' STRING

Task: 'Task' 'name' ID   ('Task' 'freq' INT)?
'Task' 'moves' (Move)+

Move: 'Move' 'name' ID 
('Start' Condition)? ('End' Condition)?
'Speed' INT ('Rotation' INT)?

Syntactic Analysis
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Context-free grammars in terms of tokens
• More expressive than regular expressions, e.g., recursion to parse nested brackets

| choice
? optional
* zero or more times
+ one or more times
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Abstract Syntax
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Concrete and Abstract Syntax
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Field-service procedures at Philips IGT

ICMT’15, 20th July 2015
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Application: Migration
Source

schema

XML

XML

XML

C++

C++

Custom framework

Custom framework

Custom framework

Target

Qt framework

LogicLinks

UI++ Qt UI

Flow

schema

schema

schema

schema

• Schema mining
• Data conversion
• Model transformation
• Code generation
• Human observations

2022-2023 Software Systems25



Application: Model extraction

XML data

Converted dataSchema
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Application: Code generation

Template

Generated code

DSL model
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Conclusion: It pays off!
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Main challenges:

• Extract the domain knowledge from the legacy software

• Avoid that the rejuvenated software resembles the legacy too much

Industrial results:

• Redesigned software: 20 times smaller code base than legacy software

• Model-based migration: 6 times less effort than manual
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More time for innovation!
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Closing remarks
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General Tips and Tricks
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• It may help to first create an example instance, and afterwards create a grammar.
• “test-driven”

• Look at the abstract syntax!
• E.g., check missing attribute names

• Don’t be too restrictive in the grammar; validation can be used for extra checks.

• Focus on specification (not on execution)

• A DSL is not a general-purpose programming language

• Use enumeration types when appropriate:
enum ChangeKind :

ADD = 'add'
| MOVE = 'move'

;



Closing remarks
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• Lab session work:
• Follow the manual “Creating a Domain Specific Language (DSL) with Xtext” up to section 3.5

• http://www.cs.ru.nl/J.Hooman/DSL/Creating_a_Domain_Specific_Language_(DSL)_with_Xtext.pdf

• Modeling assignment

• Create an Xtext grammar (+ some example instances)

• Create validation and code generators
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http://www.cs.ru.nl/J.Hooman/DSL/Creating_a_Domain_Specific_Language_(DSL)_with_Xtext.pdf

