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Abstraction and
Human Mlnd The Human mind continuously

re-works reality by applying
cognitive processes
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Abstraction and
Human Mind

Abstraction: Capability of finding
the commonality in many different
observations.

e Generalize specific features of real objects

e Classify the objects into clusters
e  Aggregate objects into more complex ones
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Understanding and
Predicting occurrences
in the world

A human endeavour
Za AT




Models among
us since the
dawn of
humanity




Humans Bl_]_]_]_d e Understand and predict

occurrences in the world
Imo de].S tO e Help navigate through complex
concepts
e Better understand their target
of study
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Physicists —
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Biologists

model: the impact that a
phenomenon has on particular
species, cycles of materials in a
ecosystem, etc...

Carbon Cycle

Carbon cycle diagrams vary greatly in the detail they contain. This one shows not only the sinks
and the flows, but also estimates carbon storage and movement in gigatons/year.

Animal and  microorganism Decomposition Photosynthesis
plant respiration respiration
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LUNGS

PULMONARY
CIRCUIT

SYSTEMIC
CIRCUIT

Physicians

Model human body
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And so on...



But, hey... what about Software
Engineering?!?
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But, hey... what exactly is a
Model?!?






What is a
model?
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Properties of a
model

Stachowiak

y

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.



Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce


Properties of a
model

y

Should also be:
Purposeful
understandable

and cost-effective
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But, hey... when and why
should models be used?!?



Purposes of a
model

Stachowiak

y

Descriptive - for describing the
reality of a system or a context,
used in Science to describe and
predict existing phenomena of the
real world.

Prescriptive - for determining the
scope and details at which to study
a problem, used in Engineering to
describe a system to be built in the
future.
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Modelling in
Science

Scientist use models to handle with
the complexity of the phenomena

To be useful as means of
communication, models need to be

made explicit

Communicated in a language that
can be understood
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Modelling 1n
Engineering

Engineers use models also to
address complexity

The difference is that the
phenomenon (engine, process,
software building) generally does
not exist at the time the model is
built



Modelling in
Engineering

Use of Abstraction and
Separation of Concerns

Breaking down a complex system
into many models in order to
address all relevant concerns in a
way that it is understandable,
analyzable and constructable.
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Main types of
models 1n
Software

Engineering

Models that describe
part/abstraction of the software to
be built

Models that describe
part/abstraction of the
environment to be controlled,
monitored, responded to, or
augmented
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Main purposes
of models in
Software
Engineering

Exploration of solutions alternatives
Construction of the system

Source for tests

Help the customer to understand
Generate code

Customize the system
Documentation

Simulation



Computers and software become tools
in other domains

Trend that domain experts define and
use their own languages called
Domain Specific (Modelling)
Languages modelling phenomena not
necessarily related to software

There is the need for
tool/methodological support to
explicitly define languages

Well defined languages enables
development of reusable tools for
maodelling
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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.

b >




“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"

| BT .
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“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

| BT .
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Need for Industrial Revolution in SE

. . Automated Assembly lines,
Assembly lines, introduced (first industrial robot installed
by Ransom Olds in 1961 by GM)

Interchangeable parts,
introduced by John Hall

Craftsmen
workshops
4_ ....... -

Factories

1826 1901 1980

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



Machine
Language

, FORTRAN

Assembly
1

I
1950

I
1960

1970

1980

1990

2000

Procedural

Functional

Object Oriented

Logic

Emergent




Use of Models

(levels of “commitment” to the system)

Models as drafts
« Communication of ideas and altematives
« Objective: modeling per se

- Models as guidelines

* Design decisions are documented
* Objective: instructions for implementation

- Models as programs

* Applications are generated automatically
« Objective: models are source code and vice versa
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“no abstraction” — “no model”
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‘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.

Reneé Magritte
1928-29
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Difference between a model and System

The system " A model

Megamodelling and Etymology. Transformation Techniques in Software Engineering 2005

Jean-Marie Favre:



models

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|
2| bametas { 23} punien |

| Darmstadt l | Munich |

@ 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)
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Kinds of Model Roles -Type models

Frankfurt H A3
|

anti-transitivity required

Thomas Runne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)
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Isto é transitivo, porque também pode representar o mapa diretamente. Como tal, não é meta-modelo.


A metamodel is...

Note that:
» a token model of a token model is not a metamodel.

* in order to create a metamodel we need a non-transitive relationship.
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Ontological vs. Language
What is Lassie’s Type?

Ontological Classification Linguistic Classification
(domain types) (representation form)

Thomas Kihne:
Matters of (Meta-)Modeling. Software and System Modeling 5(4): 369-385 (2006)
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Ontological vs. Language

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

concept

has long hair -~

has bushy tail intension
can herd sheep

0
-
)

A

o
>
&) .
3 w® A
1 £%
= £e
® 2%
2 § <
w
«©
<

E——
t

3

q{ => Object

=
Lassie € g(u(Object))
. -

£ 1

sextension _intension |
.

language

has name
has slots
has links
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Kinds of Model Roles -Type models

2 1
City Road
[ city === Road | pe o
Type

- FerryRoute

anti-transitivity through ontological types

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



A metamodel is...

A metamodel is a model of models (type-model with non-transitive relationship to the
SUS)

A model is an instance of a metamodel

- implies that a metamodel is a model of another model.
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OMG's modelling
stack

Meta-metamodel «instanceOf»

Can be used for:

«instanceOfy/ A\ «instanceOf»

Metamodel,” e Defining new languages

o Defining new properties or

«instanceOf», «instanceOf» features of eXiSting

information (metadata)

Real | «instanceOf»

world
objects

(ASABLANGA
d

N
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Language mechanism stack

Meta- Meta-
Metamodel Language

l

4models

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



Modelling

The Modelling
Gap

The tradition...

Implementation
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Modelling

Modelling Gap

Automation is needed

Implementation
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Model-Driven
Engineering

MDE is a methodology for
advantages of modelling to
Software Engineering. Comprises:

e Concepts - components that
build up the methodology

e Notations - how concepts are
represented

e Process Rules - Activities that
lead to the final product

e Tools - that ease activities and
coordination
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MO de]_ - Drlven Use of sound engineering

approaches to the definition of

Eng lneerlng’ models, transformations and

development process.

Considers the models as first class
citizens,



Software
In Programming (Wirth):

Algorithms + Data Structures = Programs

In MDE:

Models + Transformations = Software
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Model-Driven
Roadmap
The model as a
central artefact
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Taken from Master thesis of David Ameller (supervised by Xavier Franch )
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* MBE — Model-Based Engineering

» Process in which software models play an important role although they
are not necessarily the key artifacts of the development (i.e. they do
NOT “drive” the process)

* MDE — Model-Driven Engineering
» Goes beyond of the pure development activities and encompasses

other model-based tasks of a complete software engineering process
(e.g. the model-based evolution the system or the model-driven

MD* reverse engineering of a legacy system).

* MDD — Model-Driven Development
» Development paradigm that uses models and transformation (which
also have models) as the primary artifact of the development process.
Usually, in MDD, the implementation is (semi)automatically generated
from the models.

« MDA — Model-Driven Architecture

* OMG'’s particular vision of MDD and thus relies on the use of OMG
standards.

Taken from Master thesis of David Ameller (supervised by Xavier Franch )
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Problem space

Solution space

MDE Coverage

c
L
r~;
=]
O
v
4
w

technical development
space > sutomation

reverse
- -

engineering
o injector

0 extractor




MDE Coverage

Problem Domain - field or area of
expertise where to solve a problem

Domain Model - Conceptual
problem of the problem domain

Technical spaces- specific working
contexts for specification,
implementation and deployment of
applications
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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
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General Purpose




Specific Purpose




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

@ 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.

taken from Hans Vangheluwe Lecture on Domain-Specific Languages at DSM-TP summer school
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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)



DS(M)Ls

Modeling
E.g. HTML, Logo, VHDL,
Languages Mathematica, SQL

GP(M)Ls

E.g. UML, Petri-nets, Statecharts



In MDE:

Models + Transformations = Software



Model
Transformations

Definition
(later in the course we will refine
this knowledge)

A model transformation is the
automatic manipulation of input
models to produce output models,
that conform to a specification and
has a specific intent
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Model | |
) MDE provides appropriate
Transformations ranguages for defining model

transformation rules

Transformations can be seen as
models



Meta-meta-
model
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Meta-model Specification Meta-model
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executes
conforms to

Transformation outputs Output
Execution Model(s)




Application Application domain Meta-Level
/—/%

Meta-
modeling
language

Transformation / II Transformation

Code generation language

MDE
Architecture
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Modelware Grammarware

Two Technical
Spaces

Modelware vs. Grammarware




InstanceOf vs.
ConformsTo

Conformance is between
models
Instantiation is between model
elements

Metamodel

class

«instanceOf» |

«conformsTo»




Types of Models

Static models - describing in terms
of structural shape and architecture
of the system

Dynamic models - describing
dynamic behavior of the system by
showing the execution
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MDE
Approaches

OMG MDA

=]
Custom
metamodel \

1

S
o
< |
o

_—

1

The Real World

LR

—|
UML models Il e “
custom metamodel

M3 Layer
meta-metamodel

M2 Layer
metamodel

M1 Layer
model

MO Layer
reality




Base Level: UML Modeling in a technology-
Platform-Independent independent UML profile allows
Model of Business a precise representation
Functionality & Behavior of business process/rules

Executed by MDA tool which
follows OMG standard mappings.
Resulting PSM may need some
hand adjustments based
on infrastructure decisions

Intermediate Level UML

X Modeled in a technology-
Platform-Specific

I I specific UML profile.
Model|s| on Represents every aspect of a
selected platforms

coded application, but still as a model
O M G M DA generated from PIM

Executed by MDA tool.
Many tools on the market
execute this step very well today

Implementation Generated code and auxiliary files
generated from PSMs ready for compilation, linking

with legacy or other code, and deployment

@
O
®
Q

w
o

=

D

O
o)

=

Code Space




MDE
Approaches

OMG MDA

- Computation independent models (CIM): describe

requirements and needs at a very abstract level, without any
reference to implementation aspects (e.g., description of
user requirements or business objectives);

- Platform independent models (PIM): define the behavior

of the systems in terms of stored data and performed
algorithms, without any technical or technological details;

Platform-specific models (PSM): define all the
technological aspects in detail.




« Interoperability through platform independent models

« Standardization initiative of the Ob ﬁd Management Group (OMG), based
on OMG Standards, particularly U

« Counterpart to CORBA on the modeling level: interoperability between
different platforms
« Applications which can be installed on different platforms - portability, no

M DE problems with changing technologies, integration of different platforms,
etc.

- Modifications to the basic architecture

= Segmentation of the model level
App ro a Che S « Platform Independent Models (PIM): valid for a set of (similar) platforms
= Platform Specific Models (PSM): special adjustments for one specific
platform
* Requires model-to-model transformation (PIM-PSM; cf. QVT) and model-

OMG MDA to-code transformation (PSM-Code)

« Platform development is not taken into consideration — in general industry
standards like J2EE, .NET, CORBA are considered as platforms




- EQ., business process

New Ask customer
Check Retrieve Execute
customer about 7
4 customer account : operation on
arrives to : ; operation to
identity number account
counter perform

MDA

Example of CIM



MDA

Example of PIM

. Sp@lelcatlon Of . «business entity»
structure and behaviour Account Er—

Of a System y abstracted - number : Integer {unique} Account number must be
- balance : Float between 1000 and 9999

from technological .
+ getNumber() : Integer| --0OCL

deta"s + setNumber(number : Integer) context Account inv:
number >= 1000 and
number <= 9999

« Using UML (optional)

« Abstraction of structur and behaviour of a system by PIM

simplifies the following:
= Validation of correctness of the model
« Creation of implementations on different platforms
* Tool support during implementation



«EJB::Base»
EJBObject

AccountimplBean

T

«interface»
Account

- number : Short {unique)
- balance : Float

«EJB: Base»
EJBHome

i

«interface»
AccountHome

MDA

EntityBean

+ ejbCreate(number : Short, balance
Float) : Integer throws CreateE xception

+ ejbPostCreate(number : Short, balance
Float)

+ ejbActivate()

+ ejbload()

+ ejbPassivate()

+ ejbRemove()

+ ejbStore()

+ findByNumber(Short number) : Account

throws RemoteException, FinderException;

+ getNumber() : Integer
+ setNumber(number : Integer)

-~ English
Account number must be
between 1000 and 9999

- OCL

context Account inv
number >= 1000 and
number <= 9999

Example of PSM

- Specifies how the functionality described
in the PIM is realized on a certain platform

« Using a UML-Profile for the
selected platform, e.g., EJB




OMG Standards

« CORBA - Common Object Request Broker Architecture

« Language- and platform-neutral interoperability standard (similar to
WSDL, SOAP and UDDI)

« UML - Unified Modeling Language

« Standardized modeling language, industry standard

« CWM - Common Warehouse Metamodel

* Integrated modeling language for data warehouses

-« MOF — Meta Object Facility

* A standard for metamodels and model repositories

« XMI - XML Metadata Interchange

« XML-based exchange of models

« QVT — Queries/Views/Transformations

« Standard language for model-to-model transformations




« Problems when using UML as PIM/PSM
* Method bodies?
* Incomplete diagrams, e.g. missing attributes
* Inconsistent diagrams

* For the usage of the UML in Model Engineering special guidelines have to
be defined and adhered to

MDA - Different requirements to code generation
« get/set methods
« Serialization or persistence of an object
= Security features, e.g. Java Security Policy
« Using adaptable code generators or PIM-to-PSM transformations

Expressweness of the UML

= UML is mainly suitable for “generic” software platforms like Java,
EJB, .NET

« Lack of support for user interfaces, code, etc.
* MDA tools often use proprietary extensions
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- Many UML tools are expanded to MDA tools
* UML profiles and code generators

= Stage of development partly still similar to CASE: proprietary UML
profiles and transformations, limited adaptability

- Advantages of MDA

= Standardization of the Meta-Level
= Separation of platform independent and platform specific models

(reuse)

- Disadvantages of MDA

= No special support for the development of the execution platform and
the modeling language

* Modeling language practically limited to UML with profiles

* Therefore limited code generation (typically no method bodies, user
interface)
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« Not yet mainstream in all industries
« Strong in core industry (defense, avionics, ...

AVISIBILITY

Peak of Inflated Expectations

MDE

Plateau of Productivity

Adoption

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger
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Early

Innovators Adopters

Laggards

Area under the curve

represents

AdOptIOﬂ number of customers

Tecthology Adoption Lifetyde
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Drawing vs. modeling

Drawing

Tools




- Eclipse Modeling Framework

« Full support for metamodeling and language design
« Fully MD (vs. programming-based tools)

Used in this course!

Eclipse

©emf

QECLIPSE MODELING FRAMEWORK




« Critical Statements of Software Developers

- »When it comes down to it, the real point of software
development is cutting code«

Crlthlsm - yDiagrams are, after all, just pretty pictures«

= »No user is going to thank you for pretty pictures;
what a user wants is software that executes«

M. Fowler, "UML Distilled”, 1st edition, Addison Wesley, 1997
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code«
= To model or to program, that is not the question!

‘ A Iith * Instead: Talk about the right abstraction level

- »Diagrams are, after all, just pretty pictures«

Crlt]_ClS I l l * Models are not just notation!
= Instead: Models have a well-defined syntax in terms of metamodels

Deallng - »When it comes down to it, the real point of software development is cutting

- »No user is going to thank you for pretty pictures;
what a user wants is software that executes«

* Models and code are not competitors!
* Instead: Bridge the gap between design and implementation by model transformations

M. Fowler, "UML Distilled”, 1st edition, Addison Wesley, 1997
(revisited in 2009)




DSL
DEVELOPMENT

SLE
Process

Domain Engineering

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

‘—-

N\
/

Language
Implementation




DSL
DEVELOPMENT

/

CYCLE

SLE
Process

Language Design




What is a
Language?

Textual

Visual
ammatic

Language

Semantic
Mapping

Denotanional (What?)
Operational (How?)

Semantic
Domain
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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;...


Tiago
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MDD
approach

| ets 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

M= BE: = e i = < : Tahoma | ; 27 NH v | 90% Quick Access

& M. i testeegl.egl i TrafficLight.emf [ *TrafficLight.ecore_diagram

B Traffic +¢ Palette

t}’p§ filter text - X " ~ [ﬁ ST
LI StateChart A .. 0.1 hasYellow as§reen hasRed hasBOackﬁ gmf.diagram »

: H EClass
I,—j StateChart.di 01

L StateChart.ec # EPackage
L3 StateChart.ec
L StateChart.te E Yellow H Green B Red H Black
L7 StateDiagran 5
L StateDiagran = gmf.node = gmf.node fl gmf.node flm gmf.node fl= gmf.link 0.* | flm gmf.link 0.* | fim gmflink| 0.* = gmf.link EEnum
5] StateDiagran
L StateDiagran
L7 StateDiagrarn EOperation
[ TrafficLight H change
= src = name : EString .
&\ JRE Syster Y = EEnumlLiteral
B\ Plug-in D¢
= META-INF
v [=»model 0.1
v & examp B Light
10 = name : EString hasOutputLightState
4! def o |sStart : EBoolean

] def
> [ Trar
[d] Trar
[d] Trar
@ Tra

hasOn fi= EAnnotation

E On hasoff hasPali@ff  hasNext H Police H Next

>

EDataType

EAttribute

3 Annotation details

hasInputLightState fi= EAnnotation
reference

= Association
= Aggregation

E Generalization




The Abstract Syntax - Ecore Metamodel

& workspace - Modeling - TrafficLight/model/examples/TrafficLight.ecore - Eclipse

File Edit Navigate Search Project Sample Reflective Editor Run Window Help
Cr-E@ Qi - § e
=

Quick Access

& Model Explorer = i) testeegl.egl i1 TrafficLight.emf [d) *TrafficLight.ecore_diagram 4! TrafficLight.ecore

type filter text v &) P'athFTT]?/_I’esource/TrafficLight/model/exampIes/TrafficLight.ecore
1 StateChart v # trafficlight

5] StateChart.diagram v B Traffic
I StateChart.edit
LI StateChart.editor
I StateChart.tests
I stateDiagram
- StateDiagram.diagram
1~ | StateDiagram.edit
LI StateDiagram.editor
5] StateDiagram.tests
v &59TrafficLight
> BBsrc
> B\ JRE System Library [JavaSE-1.8
B, Plug-in Dependencies
= META-INF
v (= model
v [ examples
= model
4! default trafficlight
7] default.trafficlight_diagr
= TrafficLight.aird
d TrafficLight.ecore
[ TrafficLight.ecore_diagr:
4 TrafficLight.emf
[&) TrafficLight.genmodel
eTrafficLight.gmfgen
nTrafficLight.gmfgraph

flmgmf.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

> fimgmfnode

H Black -> Light

[ Change

H 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

) Z{L‘v

N ER Qi

& Model Explorer

{r Quick Access :

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

type filter text 1 ldnamespace(uri="http://trafficlight/1.8", prefix="trafficlight")
2 package trafficlight;
3

I stateChart
LI stateChart.diagram 4= @gmf.diagram

LT StateChart.edit 5 class Traffic {

LT StateChart.editor val Green hasGreen;

LT StateChart.tests val Red hasRed;
LI StateDiagram val Yellow hasYellow;

o 5§ - val Black hasBlack;
L7 StateDiagram.diagram val OFf[*] hasOff;

[ StateDiagram.edit val On[*] hasOn;
. . )
L stateDiagram.editor val Police[*] hasPolice;
LI StateDiagram.tests val Next[*] hasNext;
v [P TrafficLight }
/ @STC
> B JRE System Library [JavaSE-1.8 abstract class Light {
> B\ Plug-in Dependencies attr: String name;
£ META-INE attr boolean IsStart;
v émodel
v (= examples 21~ @gmf.node(label="name", color="255,255,0", figure="ellipse")
= model 22 class Yellow extends Light {
4! default trafficlight 23 }
] default trafficlight_diagr 24
@Traffic!.ightaird 25= @gmf.node(label="name", color="0,255,0", figure="ellipse")
@TrafﬁcLight-ecore 26 class Green extends Light {
. 27
E] TrafficLight.ecore_diagr: 28 }
ﬁTraﬁicLight.emf 29= @gmf.node (label="name", color="255,0,0", figure="ellipse")
[&z) TrafficLight.genmodel 20 rlace Red avtende |icht [

& TrafficLight.gmfgen <




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-E@ 8 e Q- QI D
. 2, =~ 100% QgickAccessM B

9 v By gv o v |Bivody Ly

Tahoma

=

=| Task List o

- &% v/ XHED

[# Package Explorer BS e — [ M) *defaulttrafficlight_diagram

ﬁMySmartProject
ﬁ;‘/}test [ @ Q
E/“TrafﬁcLight i
[=> Objects
< Black
< Green
4 Red
4 Yellow

2 Palette

Find S » All P Activa.|

= ; Oz ; ¢
(= Connections 4 g= Outline <

4 Next
4 Off

4 On .

4 Police

1_._ 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 R =1 : v Bl v ¥a v QuickAccessé

& Model Explorer ISR | TrafficLight.emf & testeegl.egl
This is a test
) [% for (i in Sequence{1l..5}) { %]
- lixo iis [%=i%]
BJ StateDiagram.aird [% } %]
] StateDiagram.ecore Finished test
] StateDiagram.emf
& StateDiagram.genmc
StateDiagram.gmfge

type filter text

Lights:

: % for (c in Light.all %
nStateDlagram.gmfgn E[%:c.ngme%]) g ) { %]

@StateDiagram.gmfmz %
ﬁStateDiagramAgmﬁox (% } %]
|=| StateDiagram.trace Makes a transition to:
3 teste.eol [% for (c in Change.all) { %]
3 testel.eol ([%=c.name%], [%=c.hasInputLightState.name%] , [%=c.hasOutputLightState.name%])
E‘? teste2.eol [%} %]
@testei.eol
i) testeegl.egl
[ traffic.evl
&) TrafficLight.ecore
4 TrafficLightemf
[& TrafficLight. genmodel Properties Problems B Console ® X % EpiE S

@Traff!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)
@Trafficl_ight.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)
16 build.properties at org.eclipse.ui.internal.handlers.WizardHandler$New.executeHandler(WizardHandler.java:269)
2/ plugin.properties at org. ecll:.pse . u::. . J:.nter‘nal .handlers.WizardHandler. execute(wizar‘dHandler. .java:290)
E? plugin.xml at org. ecl%pse -ui. %nter‘nal .handlers.HandlerProxy.execute(HandlerProxy.java :_295)
(& TrafficLiaht diagram at org.eclipse.ui. J..nter‘nal .handlers. E4Haﬁd1er‘Pr‘oxy .gxecute(EZlHandler'Proxy. java:90)
iy EN'Q’“? at sun. r‘etlect g Nat:!.veMethodlAccessor‘Imp} g }nvo!(ee’(Nlatlve Method}

<




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

Mr-HR Qi 2] v v X~ Quick Access 121
&5 Model Explorer == £3 teste.eol [V traffic.evl &) *testeegl.egl

type filter text
e ~ void actionPerformed(int e){
v [=rmodel
v [=>examples if (e==EONOFF){
v (= model
v (= testes switch(presentState){
@ default.sd [% for (o in On.all) {%]

Edefau!tsd diagra case [%=o.hasInputLightState.type.name.toUpperCase()%]: turn[%=o.hasOutputlLightState.type.name.tolLowerCase()%](); break;
o [%}%]

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

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

StateDiagram.gmfge

J5
} else if (e == EPOLICE){
switch(presentState){
Bl ststeDiasrain it [% 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 [%}%]
P StateDiagram.gmftoc
|=| StateDiagram.trace

@teste.eol Properties Problems EJ Console L x&& :=1'~5BT @@

£ teste.eol <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)
?teste&eol org.eclipse.swt.widgets.Display.readAndDispatch(Display.java:3816)
i testeegl.egl org.eclipse.jface.window.Window.runEventLoop(Window.java:818)
[ traffic.evl org.eclipse.jface.window.Window.open(Window. java:794)
{#] TrafficLight.ecore org.eclipse.ui.internal.handlers.WizardHandler$New.executeHandler(WizardHandler.java:269)
ey org.eclipse.ui.internal.handlers.WizardHandler.execute(WizardHandler.java:290)
o TrafficLight.emf
[ TrafficLight. genmodel org.eclipse.ui.internal.handlers.HandlerProxy.execute(HandlerProxy.java:295)
gntg org.eclipse.ui.internal.handlers.E4HandlerProxy.execute(E4HandlerProxy.java:90)

girati!c}!gtt.gmigen LoV sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)
(o fficlinht Amfrran ; R e b e o = {




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

{mi>e - iy v v X0 v Quick Access ! 121

& Model Explorer @ teste.eol [V traffic.evl
type filter text 1 kontext Light {

Ellixo constraint AtleastTwo {
DJ StateDiagram.aird
] StateDiagram.ecore check: Light.allInstances.size() >=2
) StateDiagram.emf
[&§ StateDiagram.genmc message : ' Tem de especificar pelo menos duas lampadas’
eStateDiagram.gmfge
nStateDiagram.gmfgr( }
@StateDiagram.gmfmé
P StateDiagram.gmftoc
|= StateDiagram.trace
.3 teste.eol
{3 teste1.eol
E‘? teste2.eol
ﬂ? teste3.eol
testeegl.egl
E] traffic.evl

#] TrafficLight.ecore

4 TrafficLight.emf

& TrafficLight.genmodel P Problems B Console

@Traﬁ!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)
&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)

|=| plugin.properties
) &&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());




Transformation rules (ETL.)

rule Tree2Node

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

n.name = t.label;

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

1f (taparentsishDefined()) 4{
var e : new Graph!Edge;
e, gelree 1i= t.parent;
e.takget = @i

}




Model transformation intent classification

Refinement

Semantic Definition

eRefinement eTranslational Semantics
eSynthesis eSimulation
eSerialization

Language Translation

eTranslation

eMigration Analysis

Model Visualization
eAnimation
*Rendering
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

A
SLE

Process

Evaluation

Language
Deployment

Gabriel, P., M. Goulao, and V. Amaral, "Do Software Languages Engineers Evaluate their Languages?", Xlll 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 Shiak

Encontar local para esconder Memorizar local onde a bolota 1o|
bolota escondida

<_Ladrdo de bolotas > Marcar local com odor /

Congems
Local




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



Thank you!

Contact: vma@fct.unl.pt





