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Model-Driven Software 
Development

Requirements Engineering

Domain-Specific (Modelling) 
Languages

Experimental Software Engineering
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● Model-Driven Software Development
● Domain-Specific (Modelling) Languages
● Software Languages Engineering

● Multi-Paradigm Modelling for 
Cyber-Physical Systems



Software 
(Modelling) 
Languages 

Engineering



Increasing 
complexity

of (Software) 
Systems 





“No Silver Bullet – Essence and Accidents of 
Software Engineering”, Fred Brooks, 1986

"there is no single development (...) which by itself promises even one order of 
magnitude [tenfold] improvement within a decade in productivity, in reliability, in 
simplicity."

"we cannot expect ever to see two-fold gains every two years"

Silver



“No Silver Bullet – Essence and Accidents of 
Software Engineering”, Fred Brooks, 1986

Accidental Complexity 
                                              non essential to the problem solved.

Essential complexity
                                              is inherent and unavoidable

Silver



1826 1901 1980

Craftsmen 
workshops Factories

Software Factories, Jack Greenfield et.al, Wiley,2004 
Generative Programming, Czarnecki. et al, Wesley 2000

Interchangeable parts, 
introduced by John Hall

Assembly lines, introduced 
by Ransom Olds

Automated Assembly lines, 
(first industrial robot installed 
in 1961 by GM)

Need for Industrial Revolution in SE



The Modelling 
Gap

The tradition...

Modelling

Implementation



Modelling Gap
We need automation

Modelling

Implementation





Model-Driven
Roadmap

System
Model

Simulate

Execute

Code 
Synthesis

Analyze
Proof of

correctness

Conformance
Verification

Performance 
metrics

Optimize

...



What is a Model?



What is a Model?

“A model is an abstraction of a (real or language-based) 
system allowing predictions or inferences to be made.”

Thomas Khune, Matters of (Meta-) Modeling, SoSYM, 2006



Models+Transformations=Programs



Stachowiak

mapping feature
based on an original.

reduction feature
selection of an original’s properties.

pragmatic feature
A model needs to be usable in place 
of an original with respect to some 
purpose.

Properties of a Model



“no abstraction” → “no model”
Sylvie and Bruno Concluded, by Lewis Carroll, 1893



“no abstraction” → “no model”



Difference between a model and System

Jean-Marie Favre:
Megamodelling and Etymology. Transformation Techniques in Software Engineering 2005



Kinds of Model Roles -Token 
models

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



Kinds of Model Roles -Type models

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



Kinds of Model Roles -Type models

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



Kinds of Model Roles -Type models

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



A metamodel is...
A metamodel is a model of models

• A model is an instance of a metamodel

• implies that a metamodel is a model of another model.

Note that:

• a token model of a token model is not a metamodel.

• in order to create a metamodel we need the same non-transitive relationship.



Ontological vs. Language

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



Language mechanism stack

Thomas Kühne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)



Models Can be represented as 
diagrams or as text!



Software 
Language 

Engineering
SLE is the application of a 
systematic, disciplined and 
quantifiable approach to the 
development, usage, and 
maintenance of software 
languages.



Software 
Language 
Engineer

One task of a language engineer is 
to develop languages that make the 
job of creating software easier. 

Another task is to create a language 
that will support the language 
end-user (also known as domain 
expert) efficiently and effectively. 



General purpose 



General Purpose



Specific Purpose





COMLAN'2018



SLE
Process
(as systematic)

Ankica Barisic, Vasco Amaral, Miguel Goulão:
Usability driven DSL development with USE-ME. Computer Languages, Systems & Structures 51: 118-157 (2018)



SLE
Process

Domain Engineering

Ankica Barisic, Vasco Amaral, Miguel Goulão:
Usability driven DSL development with USE-ME. Computer Languages, Systems & Structures 51: 118-157 (2018)
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What is a Domain? In terms of a System
● Area of knowledge or activity

● Context to a set of problems to be solved by a system 

● Relevant to some stakeholders’ 

● Embraces 

○ Concepts 

○ Processes

○ Terminology

○ Specific rules          

Notion of 
separation, Border

SYSTEMInput Output

DOMAIN
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Dissecting Domain - Problem Domain vs. Solution Domain

     Traffic-Lights Systems
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     Traffic-Lights Systems

Dissecting a Domain - Problem Domain vs. Solution Domain

 SOLUTION DOMAIN PROBLEM DOMAIN

Traffic Lights

Traffic

Red 
Light

Yellow 
Light

Green 
Light

Switch-On

Change Pedestrians

Timer

...

controller

PLC

State-Machine

C++

Priority

Java

TCP/IP

Concepts Set of Systems

bicycles
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     Traffic-Lights Systems

Dissecting a Domain - Problem Domain vs. Solution Domain

 SOLUTION DOMAIN PROBLEM DOMAIN

Traffic Lights

Traffic

Red 
Light

Yellow 
Light

Green 
Light

Switch-On

Change Pedestrians

Timer

...

controller

PLC

State-Machine

C++

Priority

Java

TCP/IP

What? How?

bicycles
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What is a Domain model?

Different research areas, different interpretations:

OO - is the UML class model 

IS - is the ERD model

AI - is the Domain Ontology

...
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Domain Model
“Is an explicit representation of 

common and the variable properties of the systems in a domain, 

counterexamples (i.e., systems outside the domain), 

the semantics of the properties and domain concepts, 

and the dependencies between the variable properties.”

[Czarnecki et. al]
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Domain Model
Domain Definition - Scope of the domain, stakeholders involved. Examples and counterexamples of what is and 

not inside the domain.

Domain Lexicon - lists domain vocabulary

Concept Models - Describes concepts in a domain in some appropriate modeling formalism. Comprehends:

Entities

Relationships between entities

Domain Rules

Feature Models -  Define a set of reusable and reconfigurable requirements for specifying a system in a domain.

Processes - Define the business and design processes
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Domain Model - Input information
● Artifacts (such as design documents, requirement documents and user manuals) 

● Standards

● Applications

● Stakeholders (users, clients, developers,...)



DSM TP   

Vasco Amaral - FCT/UNL - NOVA LINCS

Domain Engineering
Focus:

● Engineering Reusable Software

● Knowledge Management
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Domain Analysis
Information used in developing software systems is identified, captured and organized 

for reuse:

Selects and defines Domain focus

Produces coherent Domain Model

Adapted from, Scott Thibault Phd Thesis, 1998
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Domain Engineering Methods
● Feature Oriented Domain Analysis (FODA)

● Organization Domain Analysis (ODM)

● Draco

● Capture

● Domain Analysis and Reuse Environment (DARE)

● Domain-Specific Software Architecture (DSSA) Approach

● Algebraic Approach

● Family-Oriented Abstraction, Specification, and Translation

● PuLSE

● SYNTHESIS

● Defense Information Systems Agency’s Domain Analysis and Design Process

● Joint Integrated Avionics Working Group Object Oriented Domain Analysis Method (JODA)   

●  ...
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FODA
Developed by SEI in the 80’s

Domain Analysis component of part of Model-Based Software Engineering (MBSE)

Part of the Product Lines Practice (SPL)
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FODA - Phase 1 - Domain Analysis
Define the boundaries of the domain to be analyzed (scoping)

● Scope a domain likely to yield useful domain products

● Availability of domain expertise and project constraints

● Relationship between the domain of focus and other domains or entities
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FODA - Phase 2 - Domain Modeling
Produce a domain Model identifying main commonalities and variabilities between the 

applications in the domain

● Information Analysis 

○ Derive the Information Model, with domain entities and relationships. Can be done using OO 

modeling, ER, or ...

● Feature Analysis

○ Capture a customer’s or end-user’s understanding of capabilities of applications in a domain. 

Design the feature model. 

● Operational Analysis

○ Identifies the commonalities and differences between control and data flows in the application 

domain. Captures behavior relating the objects in the Information Model and the features in the 

feature model.
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Feature Model
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Part III - How do we formalize the Domain 
Model?
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Textual description
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Example Traffic-Light System - from wikipedia
“Traffic lights, also known as traffic signals, traffic lamps, traffic semaphore, signal lights, stop lights, (in South 
African English) robots and (in technical parlance) traffic control signals,[1] are signalling devices positTraffic lights 
alternate the right of way accorded to users by displaying lights of a standard color (red, amber (yellow), and green) 
following a universal color code. In the typical sequence of color phases:

The green light allows traffic to proceed in the direction denoted, if it is safe to do so and there is room on the other 
side of the intersection.
The amber (yellow) light warns that the signal is about to change to red. In a number of countries – among them the 
United Kingdom – a phase during which red and yellow are displayed together indicates that the signal is about to 
change to green.[5] Actions required by drivers on a yellow light vary, with some jurisdictions requiring drivers to 
stop if it is safe to do so, and others allowing drivers to go through the intersection if safe to do so.ioned at road 
intersections, pedestrian crossings, and other locations to control flows of traffic.” ...
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Traffic lights alternate the right of way accorded to users by displaying lights of a standard color (red, amber (yellow), 
and green) following a universal color code. In the typical sequence of color phases:

The green light allows traffic to proceed in the direction denoted, if it is safe to do so and there is room on the other 
side of the intersection.
The amber (yellow) light warns that the signal is about to change to red. In a number of countries – among them the 
United Kingdom – a phase during which red and yellow are displayed together indicates that the signal is about to 
change to green. Actions required by drivers on a yellow light vary, with some jurisdictions requiring drivers to stop if 
it is safe to do so, and others allowing drivers to go through the intersection if safe to do so.
A flashing Amber indication is a warning signal. In the United Kingdom, a flashing amber light is used only at pelican 
crossings, in place of the combined red–amber signal, and indicates that drivers may pass if no pedestrians are on 
the crossing.
The red signal prohibits any traffic from proceeding.
A flashing red indication is treated as a stop sign.
In some countries traffic signals will go into a flashing mode if the controller detects a problem, such as a program 
that tries to display green lights to conflicting traffic. The signal may display flashing yellow to the main road and 
flashing red to the side road, or flashing red in all directions. Flashing operation can also be used during times of day 
when traffic is light, such as late at night

Domain Model - Textual description - from wikipedia
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Entity-Relationship Diagrams (ERD) 
+ 

Data Flow Diagrams (DFD)
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ERD - Developed by Peter Chen in the 70’s. Help to describe inter-related things of 

interest in a specific domain of knowledge.

DFD (aka bubble charts) - Developed by Larry Constantine in the 70’s . Help to 

visualize 

● how the system will operate, 

● what the system will accomplish, 

● and how the system will be implemented.
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ERD
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Traffic Lights - ERD 

Traffic Light has
Active 
Color Lamp

Color

Status
1 n
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DFD

Taken from wikipedia
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Traffic Lights - DFD
Operator Turn On

Traffic-Light

Status

Traffic-LightTraffic-Light

Status-On

Turn On
Traffic-Light

Traffic-LightTraffic-Light

Priority

Turn 
Green

Status 
Priority

Traffic-Light

Traffic-LightTraffic-Light
Timer

Automatic 
Change

Time

Traffic-Light

Traffic-LightTraffic-Light
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UML 
Class Diagrams + Statecharts + OCL
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Class Diagrams - showing the system's classes, their attributes, operations (or 

methods), and the relationships among objects.

Statecharts - Proposed by David Harel

OCL - Proposed by Jos Warmer and Anneke Kleppe
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Class diagrams
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Class Diagrams

Location
Serial Nº
Status

Color
Status

Traffic- Light

N

1

Light<<enumerate>>
Status

On
Off

Green
Yellow
Red

<<enumerate>>
Color
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Statecharts

OFF ON

Switch 
[works=True] \ 
turnOn

Switch [] \ turnOff
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Statecharts

OFF ON

Switch 
[works=True] \ 
turnOn

Switch [] \ turnOff
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OCL Constraints
Context Traffic-Light 

INV Only-One Color: self.Light (l| l.status = On)->count ()=1
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Ontologies



DSM TP   

Vasco Amaral - FCT/UNL - NOVA LINCS

What is an Ontology?
It is a specification of a conceptualization in  the context of knowledge description.

Ability to reason and make inferences.
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Several Description Language Families...
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Open World vs. Closed world assumption
Closed World Assumption ←→ Open World Assumption

Absence of information must not be validated as negative information



SLE
Process

Language Design



What is a 
Language?



SLE
Process
Implementation



Pick the most adequate tool for your purpose

Visual?

● Modelling workbenches (ideal for prototyping languages): 
○ EMF/GMF; GME; DSL Tools; MetaEdit+; AtomPM

● UML Stereotypes?

Textual?

● Macro
● Embedded Language? (Ex. Ruby)
● Standalone:

○ Traditional Compiler approach
○ Modelling Workbenches: MPS (JetBrains); Xtext Eclipse;... 



MDD
approach

Lets use Eclipse GMF/EMF with 
the Epsilon toolset



The Abstract Syntax - Ecore Metamodel



The Abstract Syntax - Ecore Metamodel



The Concrete Syntax



Model to Code - Just push a button



Model to Code - Epsilon Generation 
Language (Template based)



Model to Code - Epsilon Generation 
Language (Template based) Arduino



Model to Code - Epsilon Validation Language 
(Template based)



Model to Code - Epsilon Validation Language 
(Template based)





Transformation rules (ETL)



MODELS'2010



SQJ'2018





SLE
Process

Evaluation

Gabriel, P., M. Goulão, and V. Amaral, "Do Software Languages Engineers Evaluate their Languages?", XIII Congreso Iberoamericano en "Software Engineering" (CIbSE'2010), 
ISBN: 978-9978-325-10-0, Cuenca, Ecuador, Universidad del Azuay, pp. 149-162, 2010



The language has to empower its user… 
or he will end up using something else



CIbSE'2010
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What strategies 
are available to 

us?

Constructive approaches:
- Our own expertise and common sense
- Usability heuristics such as the 
“Physics of notations”

Evaluation-based approaches:
- “Traditional” usability evaluations
- User monitoring while using the DSML



Language usage 
tasks

writing
reading
interpretation
comprehension
memorization
problem solving



How is SLE 
doing?

SLE misses:

● More examples of successful 
industry projects showing SLE

● Maturity in some stages
● Language Composition/Integration
● Language Evolution
● Improved Supporting Tools
● Cost estimation strategies
● ...



Are we there 
yet?

Not yet. Next Lecture.



Thank you!
Contact: vma@fct.unl.pt


