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& THE UNIVERSITY A& DEGREE PROGRAMMES

9 Schools 25 Bachelor

9 Libraries 12 Integrated Masters

3 Halls of Residence 103 Masters

79 Doctorate




RESEARCH

40 Research Units

75% evaluated by the Foundation for
Science and Technology (FC&T) with

"Exceptional’, "Excellent” and "Very

Good"
4151 Publications

1489 Publications indexed to the Web
of Science

17 European Research Council Grants

A

@’- ACADEMIC AND

RESEARCH STAFF

1716 Teachers and Researchers

1172 Teachers and Researchers
FTE

99,50% Tenure track




@ NOVA IN INTERNATIONAL
RANKINGS

QS BY SUBJECT
Top 10 among young European
universities in 5 areas evaluated by QS:

- Arts & Humanities (4™);

- Engineering & Technology: (10™);

- Life Sciences & Medicine (61);

- Natural Sciences (71);

- Social Sciences & Management (7).




@ INTERNACIONAL

2119 International students enrolled
103 Nationalities
491 International graduate students

111 International Teachers and
Researchers

82 Degree Programmes taught in
English

+400 Mobility partnership
63 Countries

903 Erasmus Incoming students

590 Erasmus Outgoing students
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&aa STUDENTS
19867 Students

5930 Bachelor

7023 Integrated Master
4489 Master

2048 Doctorate

377 non-degree programmes
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F t 16 research centres

1600 PhD

Faculty of Sciences and Technology 7800 Master's students
(FCT NOVA)

550 academic staff (90% holding a
Ph.D)

180 non-academic staff

14 departments



| NOVALINCS

NOVA LINCS

Mission:

Principled Engineering for Global
Software Services

User and Communities Empowering
Tools

Research threads:

COMPUTER SYSTEMS
KNOWLEDGE-BASED SYSTEMS
MULTIMODAL SYSTEMS
SOFTWARE SYSTEMS



NOVALINCS

NOVA LINCS

Automated software
Engineering team

Research threads:

Model-Driven Software
Development

Requirements Engineering

Domain-Specific (Modelling)
Languages

Experimental Software Engineering




NOVALINCS

NOVA LINCS

Automated software

Engineering team

Ana Moreira
Miguel Goulao
Joao Araujo
Miguel Monteiro
Ankica BariSi¢



UNIVERSITY

OF MANNHEI

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




Software Crisis

The term "software crisis" was coined by
the first NATO Software Engineering Conference in 1968

The major cause of the software crisis is that the machines have become several orders of
magnitude more powerful!

To put it quite bluntly: as long as there were no machines, programming was no problem
at all;

when we had a few weak computers, programming became a mild problem, and now we
have gigantic computers, programming has become an equally gigantic problem.

] >




“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"



“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



Need for Industrial Revolution in SE

Automated Assembly lines,

Interchangeable parts, (first industrial robot installed

introduced by John Hall

Assembly lines, introduced

by Ransom Olds in 1961 by GM)

Craftsmen

ksh .
wor<s_ c_)pf L Factories

1826 1901 1980

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



Modelling

The Modelling
Gap

The tradition...

Implementation



Modelling

Modelling Gap

We need automation

Implementation
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Object Oriented

Logic

Emergent




Model-Driven
Roadmap

Synthesis



What 1s a Model?




What 1s 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

Properties of a Model

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.




“no abstraction” — “no model”

Sylvie and Bruno Concluded, by Lewis Carroll, 1893



“no abstraction” — “no model”

- A copy is not a model

- Any representation of a real world subject automatically
Implies reduction and thus can be granted model status.

Rene Magritte
1928-29




Difference between a model and System

The system " A model

Megamodelling and Etymology. Transformation Techniques in Software Engineering 2005

Jean-Marie Favre:



Elements of a token model capture singular (as opposed to
universal) aspects of the original’s elements, i.e., they mo-
del individual properties of the elements in the system.

|Frankfunm|
T ey ! ey

I Darmstadt ] I Munich l

» anti-transitivity required

one-to-one representation of elements in the (relevant part
of the) system.

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

Thomas Kiihne:



Kinds of Model Roles -Type models

anti-transitivity required

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



Kinds of Model Roles -Type models

1
Road
e Location Connection
Type Type

 Habor I FerryRoute

anti-transitivity through ontological types

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



Kinds of Model Roles -Type models

UML UML
Class Association

anti-transitivity through linguistic types

Thomas Kiihne:
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

concept

has long hair

has bushy tail mtensnon
can herd sheep
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language
Thomas Kiihne:

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



Language mechanism stack

Meta- Meta-
Metamodel Language

l

4models

Thomas Kiihne:
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




@ match the user’s mental model of the problem domain

e maximally constrain the user (to the problem at hand)
—- easier to learn
= avoid errors

@ separate domain-expert’'s work
from analysis/transformation expert’'s work

Anecdotal evidence of 5 to 10 times speedup
Steven Kelly and Juha-Pekka Tolvanen. Domain-Specific Modeling: Enabling Full Code Generation. Wiley, 2008.

Laurent Safa. The practice of deploying DSM, report from a Japanese appliance maker trenches. In Proceedings of the 6th

OOPSLA Workshop on Domain-Specific Modeling (DSM'06), pp. 185-196, 2006.
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DSL
DEVELOPMENT

/

CYCLE

SLE
Process

(as systematic)

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



DSL
DEVELOPMENT

SLE
Process

Domain Engineering

N\
/

Language
Implementation
«—

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



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

o Concepts DOMAIN
Processes

@)
o Terminology
o

Specific rules

Vasco Amaral - FCT/UNL - NOVA LINCS

Notion of

separation, Border



SRE sl - MBI
Dissecting Domain - Problem Domain vs. Solution Domain

Traffic-Lights Systems

Vasco Amaral - FCT/UNL - NOVA LINCS



Traffic Lights

ChangeTrafﬁC Pedestrians

Green ;
' State-Machine
bicycles Light Java

PROBLEM DOMAIN SOLUTION DOMAIN
Timer
Yellow

Red Prionity  Light controller

Light

Switch-On
TCP/IP

C++

Concepts Set of Systems

Vasco Amaral - FC



Dissecting a Domain - Problem Domaig

Traffic Lights

ChangeTrafﬁC Pedestrians

Green .
' State-Machine
bicycles Light Java

PROBLEM DOMAIN SOLUTION DOMAIN
Timer
Yellow

Red Priority  Light controller

Light

Switch-On
TCP/IP

What?

Vasco Amaral - FC
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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

Al - is the Domain Ontology

Vasco Amaral - FCT/UNL - NOVA LINCS



Domain Model

sl a2l =

“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]




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




Domain Model - Input information

Artifacts (such as design documents, requirement documents and user manuals)
Standards

Applications

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




Domain Engineering

Focus:

e Engineering Reusable Software [y Domain Domain Domain

e Knowledge Management Engineering | Analysis . Design . Impl.

T’
l'. ’b
o<

Application Requ’rement Appication l Ap plcation

Engineering |Analss Design

Vasco Amaral - FCT/UNL - NOVA LINCS —




Domain Analysis

Information used in developing software systems is identified, captured and organized

for reuse:

Selects and defines Domain focus

Produces coherent Domain Model

Vasco Amaral - FCT/UNL - NOVA LINCS

Sources of Domain

Knowledge Domain Analysis

methods

Technical literature

Exisling implementations

Domain
Analysis

Customer Surveys

Domain Model

Expert advice

Current and future
requirements

Adapted from, Scott Thibault Phd Thesis, 1998



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)



Dijkstra Program Synthesis (1) Synthesis (2)
[Dij70] —> Families > SPC ot SPC Weiss
Parnas / GEE [SPC93] [Wei96]
[Par76] / Knowledge
9 KAPTUR Capture
cpresentallon —» g ;
— Bailin —> Bailin
[Bai92b]

//lubrary Science

Draco \ Prieto- Prieto- DARE

Neighbors — Diag’ s DiN2 [FPF96]
[Nei80] [Pri87] [Pri91b]
Arrango \ ODM ODM 2.0
[Arr88] Simos —™ Simos
[SC93] [SCK+96]

DSSA

FODA / [HT94]
SEI

—» MBSE

IDeA [Wit94]
Lubars
[Lub9)

KIDS

Kestrel

Srinivas " 1599

gebraic Specifications . [Sri91)

Vasco Amaral - FCT/UNL - NOVA LINCS

Generative
Programming
\l /h ods,

2

pp’l ns

Krzysztof Czarnecki ;
ecker

Ulrich W. Eises
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DSM TP

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)

mml Lo o = Vasco Amaral - FCT/UNL - NOVA LINCS —




FODA - Phase 1 - Domain Analysis

Define the boundaries of the domain to be analyzed (scoping)

e Scope a domain likely to yield useful domain products
e Availability of domain expertise and project constraints
e Relationship between the domain of focus and other domains or entities




FODA - Phase 2 - Domain Modeling

Produce a domain Model identifying main commonalities and variabilities between the

applications in the domain

e Information Analysis
o Derive the Information Model, with domain entities and relationships. Can be done using OO
modeling, ER, or ..
e Feature Analysis
o  Capture a customer’s or end-user’s understanding of capabilities of applications in a domain.
Design the feature model.
e Operational Analysis
o 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.




SREdasl T MeRs T IEE 6
Feature Model

‘ Mandatory A Or
6 Optional /I\ Altemative]

| Characteristics |

\\

| LocomotionMechanism || PowerSource |

| wheeled | walking |  Battery || powerCable || camera

Commodity

[ livingRoom ||bedRoom]i kitchen] —"T"—_
o

'3 ®
| Food&Drink | |Appliance | HauseholdEquipment |

| videoCamera |; doorh window |

lilon || niCd

Close ][ SwitchOn][ Check iBn’ng|
/\ /\ /‘\ juice || beer || sweets

moveTo | take |moveBack |




Part Il - How do we formalize the Domain
Model?




Textual description

Vasco Amaral - FCT/UNL - NOVA LINCS




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.” ...




Domain Model - Textual description - from W|k|ped|a

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

RS L A~y S
m,. T2 g Mg = 5 Vasco Amaral - FCT/UNL - NOVA LINCS




Entity-Relationship Diagrams (ERD)
+

Data Flow Diagrams (DFD)




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

e how the system will operate,
e what the system will accomplish,
e and how the system will be implemented.




Meaning

ENTITY

WEAK ENTITY
COMPOSITE ATTRIBUTE

DERIVED ATTRIBUTE

RELATIONSHIP
INA

TOTAL PARTICIPATION OF £

IDENTIFYING RELATIONSHP '
&M
CARDINALITY RATIO 1: NFORE

ATTRIBUTE
)
jn, 1"
STRUCTURAL CONSTRANT ("

ON PARTICIPATION OF E!

KEY ATTRIBUTE

MULTIVALUED ATTRIEUTE

Vasco Amaral - FCT/UNL - NOVA LINCS




Traffic Lights - ERD

Active
Color Traffic Light

Vasco Amaral - FCT/UNL - NOVA LINCS




. o Messt SS 6

Function

File/Databa:
Database System >7Ql'x —pl  Customer

Input/Output

fromywigigeeidaral - FCT/UNL - NOVA LINCS



Traffic Lights - DFD Priority

2. S Resst

Status
Priority

Status-On
Operator Turn On
Traffic-Light

Traffic-Light Traffic-Light

Traffic-Light Traffic-Light

| Status Traffic-Light

Traffic-Light Traffic-Light
Automatic

Change

Turn On

Traffic-Light

Traffic-Light Traffic-Light

Traffic-Light
Vasco Amaral - FCT/UNL - NQVA LINCS




UML
Class Diagrams + Statecharts + OCL




el TN o

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




Class diagrams

Class
Properties or attributes sit at the top, methods

or operations at the bottom, + indicates public
and # indicates protected

Inheritence - 8 inherits from A.
‘is-a” relationship.

Generalization - B implements A,

Association - A and B call each other

One way Association.
A can call B's properties/methods, but not visa versa.

Aggregation
A “has-a"instance of B. B can survive if A is disposed.

Composition
A has an instance of B, B cannot exist without A.




Class Diagrams

<<enumerate>>
Color

Green
Yellow
Red

<<enumerate>>
Status

Traffic- Light

Location
Serial N°
Status

Vasco Amaral - FCT/UNL - NOVA LINCS

Light

Color
Status



Statecharts

Switch
[works=True] \
turnOn

Switch [] \ turnOff




Statecharts

Switch
[works=True] \
turnOn

Switch [] \ turnOff




OCL Constraints

Context Traffic-Light

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




Ontologies




What is an Ontology?

b @z - ReEst 85

It is a specification of a conceptualization in the context of knowledge description.

Ability to reason and make inferences.

ONTOLOGY
Z
DATA-MODEL

le AVAET

N AV IS :““‘ P
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enhance
Bart speaks French?




DSL
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Process

Language Design
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Textual || Visual
Diagrammatic




DSL
DEVELOPMENT

/

CYCLE

SLE
Process

Implementation




Pick the most adequate tool for your purpose

Visual?

e Modelling workbenches (ideal for prototyping languages):
o EMF/GMF; GME; DSL Tools; MetaEdit+; AtomPM
e UML Stereotypes?

Textual?

e Macro
e Embedded Language? (Ex. Ruby)
e Standalone:
o Traditional Compiler approach
o Modelling Workbenches: MPS (JetBrains); Xtext Eclipse;...



\Y/ID)D,
approach

Lets use Eclipse GMF/EMF with
the Epsilon toolset



The Abstract Syntax - Ecore Metamodel

& workspace - Modeling - TrafficLight/model/examples/TrafficLight.ecore_diagram - Eclipse
File Edit Diagram Navigate Search Project Run Window Help

Hmi il 1] L= ge= S i =T i Tahoma v ol v i Quick Access
& M. testeegl.egl i TrafficLight.emf [ *TrafficLight.ecore_diagram

=% H Traffic -2 Palette
type filter text [1 @,
- A 0.1 hasYellow  haggreen hasRed {i= gmf.diagram :
O StateChart A e . hasiack B EClass
L stateChart.di B

LI stateChart.ec # EPackage

L StateChart.ec hasOn
[ StateChartte | Yellow & Green H Red H Black

= EAnnotati
E On hasoff hasPali@ff  hasNext B police B Next I EAnnotation
o>

I,_j StateDiagran 0. & EDataType
= StateDiagrarr fi= gmf.node = gmf.node = gmf.node = gmf.node = gmf.link 0.* | fim gmflink 0.* | fim gmflink| 0.* = gmf.link “ EEnum
L StateDiagran
L StateDiagran
[,_j StateDiagrarr @ EOperation
[ TrafficLight H Change
= src = name : EString
&\ JRE Syster
E‘* Plug-in D haslnputLightState =1 EAnnotation
4= META-INF reference
v [ model 0.1
v Eexamp E Light

= EAttribute

=3 Annotation details

= EEnumlLiteral

=+ Association

= mo = name : EString hasOutputLightState = Aggregation

&) def o |sStart : EBoolean H Generalization

] def
@ Tra
[d] Tra
@ Trar
) Tra
[&) Trar




The Abstract Syntax - Ecore Metamodel

& workspace - Modeling - TrafficLight/model/examples/TrafficLight.ecore - Eclipse
File Edit Navigate Search Project Sample Reflective Editor Run Window Help

™~ &: Qi : M phh =R Quick Access

B Model Explorer SR=7 &) testeegl.egl | TrafficLight.emf [d] *TrafficLight.ecore_diagram @ TrafficLight.ecore

type filter text v & platforrﬁ:/_resource/T rafficLight/model/examples/TrafficLight.ecore
1 StateChart v # trafficlight

@ StateChart.diagram v B Traffic
3 StateChart.edit
LI stateChart.editor
I StateChart.tests
o StateDiagram
- StateDiagram.diagram
™| StateDiagram.edit
LI StateDiagram.editor
5] StateDiagram.tests
v [f‘}TrafficLight
> BBsrc
» B\ JRE System Library [JavaSE-1.8
B, Plug-in Dependencies
= META-INF
v (= model
v [ examples
= model
4! default trafficlight
] default.trafficlight_diagr
[ TrafficLight.aird
d] TrafficLight.ecore
[ TrafficLight.ecore_diagr:
4 TrafficLight.emf
[&8) TrafficLight.genmodel
eTrafficLight.gmfgen
ﬁTrafficLight.gmfgraph

flm gmf.diagram
> = hasGreen : Green

=rhasRed : Red
=rhasYellow : Yellow

> =hasBlack : Black
&2 hasOff : Off
&2hasOn: On
2 hasPolice : Police
&2 hasNext : Next
Light
= name : EString
= |sStart : EBoolean

H Yellow -> Light
= gmf.node

H Green -> Light
fim gmf.node

£ Red -> Light
= gmf.node

H Black -> Light

[ Change

£ on-> Change

H off -> Change

H Police -> Change

H Next -> Change

Properties Problems B Console




The Concrete Syntax

& workspace - Modeling - TrafficLight/model/examples/TrafficLight.emf - Eclipse
File Edit Navigate Search Project Run Window Help

N E@ Qi
=

& Model Explorer

- s I = 4
= < I T2

=
== ) testeeglegl i TrafficLight.emf ) *TrafficLight.ecore_diagram L} TrafficLight.ecore

type filter text 1 [Bnamespace(uri="http://trafficlight/1.0", prefix="trafficlight")
2 package trafficlight;
3

L StateChart
LI stateChart.diagram 4= @gmf.diagram
[ stateChart.edit 5 class Traffic {
LT StateChart.editor val Green hasGreen;
LI StateChart.tests Vai Ren]j-lhasﬁed; -
7 StateDi val Yellow hasYellow;
USt:tzD;Zgzz diagram s i
= ed val OFf[*] hasOff;
StateD!agramAed!t val on[*] hasOn;
U StateDiagram.editor val Police[*] hasPolice;
HStateDiagramAtests val Next[*] hasNext;
v = TrafficLight
> B src .
> =\ JRE System Library [JavaSE-1.8 16 abstract class Light {
> B\ Plug-in Dependencies 17 abin: Stelgginanc;
e 18 attr boolean IsStart;
= META-INF 19 }
v (= model 20
v (= examples 21~ @gmf.node(label="name", color="255,255,0", figure="ellipse")
= model 22 class Yellow extends Light {
l4! default trafficlight 23 }
i default.trafficlight_diagr 24 ) .
E’TrafﬁcLight.aird 25*@gmf.node(labe1="name'_', color="0,255,0", figure="ellipse")
@TrafficLightecore 26 class Green extends Light {
. 27
[ TrafficLight.ecore_diagr: 28 ¥
@TrafficLight.emf 29= @gmf.node(label="name", color="255,0,0", figure="ellipse")
&5 TrafficLight.genmodel 20 rlace Red avtendc |icht £

& TrafficLight.gmfgen S

Quick Access




Model to Code - Just push a button

& runtime-EclipseApplication - Java - TrafficLight/default.trafficlight_diagram - Eclipse Platform

File Edit Diagram Navigate Search Project Run Window Help
Ci-EB@ 8 -2 R Ngl: =V ARSI RS ~

Tahoma 9 DT, M '&\_, vojviavy < H v | 100% Quick Access| :

[# Package Explorer (SR=A =0 i *default.trafficlight_diagram ) =] Task List ©*
W % palette o~ e v/ xhE D
(P test
L= TrafficLight

£ Objects Find S » All » Activa.]

<+ Black
< Green
4 Red
<4 Yellow

o . El; .
(= Connections s o= Outline

4 Next
4 Off

4 On '

“ Police

r_ Problems 2% @ Javadoc Declaration

0 items
Description Resource Location




Model to Code - Epsilon Generation
Language (Template based)

£ workspace - Modeling - TrafficLight/model/examples/model/testeegl.egl - Eclipse
File Edit Navigate Search Project Run Window Help

A T B =1 v Bl v ¥a v Quick Access !

& Model Explorer = f TrafficLight.emf £ testeegl.egl

type filter text This is a test
) [% for (i in Sequence{1l..5}) { %]
E lixo i is [%=i%]
@ StateDiagram.aird [% } %]
] StateDiagram.ecore Finished test
] StateDiagram.emf
& StateDiagram.genmc

StateDiagram.gmfge . 5
) [% for (c in Light.all) { %]
& StateDiagram.gmfgr: ([%=c.name%])

ﬁStateDiagram.gmfmz %
P StateDiagram.gmftoc 1%} %]
|£| StateDiagram.trace Makes a transition to:
3 teste.eol [% for (c in Change.all) { %]
{3 teste1.eol ([%=c.name%], [%=c.hasInputLightState.name%] , [%=c.hasOutputLightState.name%])
B teste2.eol s [%} %]
ﬂ? teste3.eol
] testeegl.egl
[ traffic.evl
] TrafficLight.ecore
{4 TrafficLight.emf
2] TrafficLight.genmodel operties Problems B Console

eTraff!cL!ght,gmfgen <terminated> Eclipse Application [Eclipse Application] C:\Program Files\Java\jre1.8.0_121\bin\javaw.exe (20/07/2018, 07:26:58)
& Trafficlight gmfgraph at org.eclipse.swt.widgets.Display.runDeferredEvents(Display.java:4228)
@Trafﬁcught-gmfmap at org.eclipse.swt.widgets.Display.readAndDispatch(Display.java:3816)
&2 TrafficLight gmftool at org.eclipse.jface.window.Window.runEventLoop(Window.java:818)
|= TrafficLight.trace at org.eclipse.jface.window.Window.open(Window.java:794)
|18 build.properties at org.eclipse.ui.internal.handlers.WizardHandler$New.executeHandler(WizardHandler.java:269)
2/ plugin.properties at org. ecl%pse . u::. . J:.nter‘nal .handlers.WizardHandler. execute(wizar‘dHandlerj .java:290)
n pluginxml at org.eclipse.ui.internal.handlers.HandlerProxy.execute(HandlerProxy.java:295)
= TrafficLiaht diagram at org.eclipse.ui.internal.handlers.E4HandlerProxy. gxecute (E4HandlerProxy.java:90)
ey EM'Q’“? at sun. r'etlect . Nat:i.veMethodlAccessor*Imp‘l g %nvo!(ee’(Nfatlve Method?

Lights:

<




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

& workspace - Modeling - TrafficLight/model/examples/model/testeegl.egl - Eclipse
File Edit Navigate Search Project Run Window Help

HNrER Qs FARETRACTER
& Model Explorer =k O £4 teste.eol [V traffic.evl &) *testeegl.egl

type filter text .
void actionPerformed(int e){

v (= model
v [=examples if (e==EONOFF){
v (= model
v (= testes switch(presentState){

& default.sd [% for (o in On.all) {%]
[d) defaultsd diagral case [%=o.hasInputLightState.type.name.toUpperCase()%]: turn[%=o.hasOutputlLightState.type.name.tolLowerCase()%](); break;
s [%}%]

Bommmrmene | [ R for (o tn ottall) ) 4 araiso st 05 brests

B lixo [%}%]case [%=0.hasInputLightState.type.name.toUpperCase()%]: turn[%=o.hasOutputLightState.type.name.toLowerCase()%](); break;
| StateDiagram.aird default: break;
#) StateDiagram.ecore
o StateDiagram.emf
[ts] StateDiagram.genmc

StateDiagram.gmfge

¥
} else if (e == EPOLICE){
switch(presentState){
B ststeDiasram Giion [% for (p in Police.all) {%]
@S o gram.g fg‘ case [%=p.hasInputLightState.type.name.toUpperCase()%]: turn[%=p.hasOutputLightState.type.name.toLowerCase()%](); break;
tateDiagram.gmfme [%}%]
£ StateDiagram.gmfto
|=| StateDiagram.trace =
= X% EEIREE

£3 teste.eol Properties Problems & Console
@testemeol <terminated> Eclipse Application [Eclipse Application] C:\Program Files\Java\jre1.8.0_121\bin\javaw.exe (20/07/2018, 07:26:58)
£ teste2.eol at org.eclipse.swt.widgets.Display.runDeferredEvents(Display.java:4228)
£ teste3.eol org.eclipse.swt.widgets.Display.readAndDispatch(Display.java:3816)
] testeegl.egl org.eclipse.jface.window.Window.runEventLoop(Window.java:818)
[V traffic.evl org.eclipse.jface.window.Window.open(Window.java:794)
g:] TrafficLight.ecore org.eclipse.ui.internal.handlers.WizardHandler$New.executeHandler(WizardHandler.java:269)
% TrafficLight.emf org.eclipse.ui.internal.handlers.WizardHandler.execute(WizardHandler.java:290)
B TrafficLight. genmodel or‘g.ecl]}pse.u%. J:.nter‘nal.handler‘s.Handler‘Pr‘oxy.execute(Handler‘Proxy. java:.295)
eT FRSTaRE arf org.eclipse.ui.internal.handlers.E4HandlerProxy.execute(E4HandlerProxy.java:90)
farficHiontomigen v sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)

Trafficl inht amfaranh




Model to Code - Epsilon Validation Language
(Template based)

£ workspace - Modeling - TrafficLight/model/examples/model/traffic.evl - Eclipse

File Edit Navigate Search Project Run Window Help
> : Q'[,_\jt i =T 4 Quick Access =1

& Model Explorer SR @ teste.eol [V traffic.evl

type filter text kontext Light {

= lixo
E] StateDiagram.aird
#) StateDiagram.ecore
fi4l StateDiagram.emf
& StateDiagram.genmc
eStateDiagram.gmfge
nStateDiagram.gmfgr(
‘?StateDiagram.gmfmé
P StateDiagram.gmftoc
|Z| StateDiagram.trace
.3 teste.eol
3 teste1.eol
f;?testez.eol
{3 teste3.eol
] testeegl.egl
E] traffic.evl

] TrafficLight.ecore

4 TrafficLight.emf

& TrafficLight.genmodel Pro es Problems B Console

&TrafﬁcL{ght.gmfgen <terminated> Eclipse Application [Eclipse Application] C:\Program Files\Java\jre1.8.0_121\bin\javaw.exe (20/07/2018, 07:26:58)

& TrafficLight gmfgraph at org.eclipse.swt.widgets.Display.runDeferredEvents(Display.java:4228)

&9 TrafficLight gmfmap at org.eclipse.swt.widgets.Display.readAndDispatch(Display.java:3816)

& TrafficLight gmftool at org.eclipse.jface.window.Window.runEventLoop(Window.java:818)

=| TrafficLight.trace at org.eclipse.jface.window.Window.open(Window.java:794)

[aas build.properties at org.eclipse.ui.internal.handlers.WizardHandler$New.executeHandler(WizardHandler.java:269)
at org.eclipse.ui.internal.handlers.WizardHandler.execute(WizardHandler.java:299)
at org.eclipse.ui.internal.handlers.HandlerProxy.execute(HandlerProxy.java:295)
at org.eclipse.ui.internal.handlers.E4HandlerProxy.execute(E4HandlerProxy.java:90)
at sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)

constraint AtlLeastTwo {
check: Light.allInstances.size() >=2
message : ' Tem de especificar pelo menos duas lampadas’

}

FOWOVONGOUAWNER

B

|=| plugin.properties
J;Iﬂ:plugin,xml
= TrafficLight.diagram

(38 Tratficl inht adit

<




Model to Code - Epsilon Validation Language
(Template based)

import java.awt.*;

import javax.swing.*;

import java.awt.event.*;
import javax.swing.border.*;

public class TrafficLight extends JFrame implements ActionListener {
JButton bl, b2, b3;

Signal green = new Signal(Color.green);
Signal yellow = new Signal(Color.yellow);
Signal red = new Signal(Color.red);

public TrafficLight(){

super("Traffic Light");

getContentPane().setlLayout(new GridLayout(2, 1));
= new JButton("Red");
= new JButton("Yellow");
= new JButton("Green");
.addActionListener(this);
.addActionListener(this);
.addActionListener(this);

green.turnOn(false);
yellow.turnOn(false);
red.turnOn(true);

JPanel pl = new JPanel(new GridlLayout(3,1));
pl.add(red);

pl.add(yellow);

pl.add(green);

JPanel p2 = new JPanel(new FlowlLayout());
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Source LGSy Transformation Target
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executes
conforms to
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Transformation outputs Output
Execution Model(s)




Transformation rules (ETL)

rule Tree2Node

transform t : Tree!Tree
to n : Graph!Node {

n.name = t.label;

/f TE £ a8 net the top trxree
/[ create an edge connecting n
// with the Node created from t's parent

1f (taparent:ishDefined()) 4
var € : new Graph!Edge;
e ;solurece §i= t.pa¥ent;
e.Cakget = f;

}
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Model transformation intent classification

Refinement
*Refinement
eSynthesis
eSerialization

Semantic Definition

eTranslational Semantics
eSimulation

Language Translation

eTranslation

eMigration Analysis

Model Visualization
eAnimation
eRendering
eParsing

Model Composition

*Model Merging
*Model Matching
*Model Synchronization

L. Ldcio, M. Amrani, J. Dingel, L. Lambers, R. Salay, G. Selim, E. Syriani and M. Wimmer. Model transformation intents and their properties.
Journal on Software and Systems Modeling: 10.1007/s10270-014-0429-x. Springer (2014).



DSL
DEVELOPMENT
CYCLE

Deployment Design

SLE
Process

Evaluation

Language
Implementation
«—

Gabriel, P., M. Gouléo, and V. Amaral, "Do Software Languages Engineers Evaluate their Languages?", XlIl 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

Conceptual gap?

Esconder bolota e

Encontar local para esconder Memorlzar local onde a holota 1oi
bolota escondida

<_Ladrdo de bolotas > Marcar local com odor /

Congems
Local
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DSL Lifecycle

LANGUAGE
ENGINEER

(
| pye

LANGUAGE DEPLOYMENT

|
‘ | 3
DOCUME- : ABSTRACT
|
|

I

|

|

NTATION DOMAIN SYNTAX |
e EXPERT P |
L LANGUAGE | — I.ANGUAGE:
|

z . |

[ : !

|

MAINTENA- | ENGINEER | ENGINEER
NCE SERVICE

Did I build the
DSL right?

(LANGUAGE TESTING / |(LANGUAGE
:EVALUATION g :IMPLEMENTATION
LA

MODEL

Did1I EXPLORATION NGUAGE <_l §$
build the 7B /I I LANGUAGE
. : MODEL £2
rlght SIMULATOR ENGINEER
DSL? DOMAIN |
= EXPERT |




What strateqgies
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 1s 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



