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Our Research




Research

= MDE as a software engineering paradigm to
improve software production, evolution and
operation.

= MDE based on the rigorous use of software
models and model manipulation operations.

= AtlanMod researches core MDE techniques
and their adaptation to specially relevant
industrial challenges.
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Research

= Application-driven research
— Constant collaboration with companies

= Open source community via Eclipse

— MoDisco, AM3, EMF Facet, ATL, AMW, etc

© AtlanMod - atlanmod-contact@mines-nantes. fr



We have advanced a lot on the core techniques

UML and profiles
DSLs & Language workbenches
Model-to-model and model-to-text transformations

Model management and evolution




But it's clearly not enough

= Modeling will be commonplace in 3 years time - S. Mellor

Though he is giving the same answer for the last 20 years

Laggards

Area under the curve
represents
number of customers

Technology Adoption Lifecycle




Model-Driven
Reverse Engineering

Scalability
in MDE

Our place in MDE

Human Factor

. Formal Methods
for MDE

AtlanMod

Core MDE




Core MDE

= Model Transformations
— Refactoring of transformations
— Bidirectional transformations
— Reactive ATL

= Model management
— EMF Profiles

— DSL for querying and manipulating model
repositories

© AtlanMod - atlanmod-contact@mines-nantes. fr



= Model to Model transformations (M2M)

—>any(t | t.identifier = ’"7j2dNet’)
in

Model::allInstances ()
—->select(m | m.conformsTo.kind = "Java’))
—>collect (jModel | j2dNet.applyTo (jJModel))

let j2dNet : Transformation = Transformation::allInstances/()

TransformationRecord: :allInstances () —->collect(tr | tr.run())
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Quality - Importance

MDE- based software development process

T ————

Orlglnal nth
model refmement refinement Source
Code

i—mg -»i-» -bi-b af = Q

Model Model
Transformation Transformation

Errors in models will lead to errors in
the resulting software
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Quality - EMFtoCSP

EMF Models
UML Class Diagram Models

Valid

Instantiation

AIIFtoCSP . Properties to check samele

v'Weak Satisfiability

O Strong Satisfiability
+ vLiveliness

v'Constraints Redundancies
. UConstraints Subsumtions

Model and Properties to

NO VALID

CSP Translator

CSP Engine (EclipseCS)
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= Verification of MT
— With CSPs but also SMTs

= Testing of MT
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Reverse Engineering

= As old as CS itself. Always relevant
= First level models : zero information loss

Support for multiple

Support for multiple scenarios/results
legacy technologies

eDocumentation

Source code @ — 5@ @5@ E L{( S JJ/v E - IR ysis

Databases @ — 5@ = | e 1 «Viewpoints

Conf}?luratlon - Mode the . UpgraQe
es b - ) eMigration

8%
Other sources Sl N )
s o ) eMetrics
" ' MODISCO 5. " +Quality Assurance

Eclipse Modeling ?tl@riu
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Reverse Engineering

= Reverse engineering of security polices
= Reverse engineering of business rules

= Moving applications to the cloud
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Scalability

= Scalability important both at the model (loading very
large models) and model manipulations level
(executing complex transformations on large models)

= Key problem in industrial scenarios but far
from a trivial one
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Virtual Models (i)

= “g virtual model is a model whose (virtual) model elements are proxies to
elements contained in other models”

%’ransformations qditors

e S
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Scalability

= Scalability important both at the model (loading very
large models) and model manipulations level
(executing complex transformations on large models)

= Key problem in industrial scenarios but far
from a trivial one
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Scalability for MT

= Incremental ATL

= Lazy ATL

= Parallel ATL
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Human Factors (the DSL case)




In General

= Research is not aligned with the real needs of end-
users

— Architects and NFRs
— Ikerlan

= This is a very important problem when creating DSLs
— Quality of DSL = user experience
— Evaluating user experience is a challenging task

— We cannot develop specific technigues for each
different DSL

— Need the participation of users
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= We know what quality properties make sense
for models (e.qg. satisfiability) but they do not
translate well to DSLs.

= Quality of DSL = user experience

= Evaluating user experience is a challenging
task

— We cannot develop specific techniques for
each different DSL

— Need the participation of users
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Quality: Dealing with

How users see the programmers




The DSL case - Before




Process

= DSLs are domain-specific but still it's a non
domain-expert who creates the DSL

= Collaboro aims to enable a more collaborative
pDrocess
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Motivation
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Motivation

Community

Group of people involved with the DSML under development, which includes both
technical level users and domain expert users




Anatomy

Concepts & || Well-formed

relationships rules Textual Graphical Denotational Pragmatic || Translational || Operational

Abstract | Concrete Semantics

Syntax Syntax




Current development process
Decision » Is it really necessary to provide a new language?
« Can we take advantage of existing languages?
&> * What is the domain?

IL> ' « What is the most suitable syntax?
DeSIgn  How to define semantics?
&> : - Which tool will be used?
|mp|ementat|on « Will wizards be included?
B * Is the end-user happy?
Deployment « Do they need anything else?




Current development process
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Boehm’s graph




Current end-user participation




The sooner the better




EXisting tools

YRR i trac

Google;

- assembla

Buczilla

o eplanbox

F 7N




EXisting tools

No support for DSLSs




Our proposal

Participation Collaboration

Collaboro




But... technically?

Participation

* Providing means to discuss about language elements
« Overcoming technical barriers

Collaboration

« Suitable environment
* Fostering end-user discussion
 Facilitating voting processes




Example: before

Abstract Syntax Concrete Syntax Example

IDElement
id : String
ZP tram 1: route A: stop 001:
| | route A; stops: 001, 002; Ilat: 23.1082
0.~ follows lon: 12.9883

Vehicle [ oriowedsy 0.1 L_Route

[Il 0..*|isContained
1 contains | 0..*

Tram Stop

lat : double
lon : double




Example




Example

Change Proposal

It is necessary to add support for handicapped %

people in each Stop.
End-User 1

Agreement: %Develuper 1 %Dav&loper 2

%

Developer 1




Example

Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( % Developer 1 ( %Dav&loper 2

End-User 1

%

Developer 1




Example

Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( % Developer 1 ( %Dav&loper 2
ACCEPTED

End-User 1

%

Developer 1



Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Devalupeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will
include the new keyword "H support" with Developer 1

Lvalues "true" or "false"

Agreement: iDeveloper 2 %End-User 1



Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Dev&lopeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will

include the new keyword "H support" with Developer 1
values "true" or "false"

\,
Agreement: ( iDeveloper 2 x %End-User 1




Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Developeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will

include the new keyword "H support" with Developer 1
values "true" or "false"

9
Agreement: ( *Developer 2 x %End-User 1

The handicap support must conform to
company regulations and ranged from 0

(no support), to 3 (full support)

Agreement: % End-User 1

% Developer 1




Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Developeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will

include the new keyword "H support" with
values "true" or "false"

9
Agreement: ( *Developer 2 x %End-User 1

Developer 1

The handicap support must conform to
company regulations and ranged from 0
(no support), to 3 (full support)

Agreement: 4ff % End-User 1 of %Developeﬂ




Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Developeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will

include the new keyword "H support" with
values "true" or "false"

9
Agreement: ( *Develeper 2 x %End-User 1

Developer 1

The handicap support must conform to
company regulations and ranged from 0
(no support), to 3 (full support)

Agreement: 4ff % End-User 1 of %Developeﬂ

ACCEPTED




Change Proposal

It is necessary to add support for handicapped %
people in each Stop.

Agreement: ( %Developeﬂ ( %Developer 2

ACCEPTED

End-User 1

Stop should include a new boolean attribute %
called "handicap". The representation will

include the new keyword "H support" with
values "true" or "false"

9
Agreement: ( *Develeper 2 x %End-User 1

Developer 1

The handicap support must conform to
company regulations and ranged from 0
(no support), to 3 (full support)

Agreement: 4ff % End-User 1 of %Developeﬂ

ACCEPTED




Change Proposal

Itis necessary to add support for handicapped % Stop should include a new integer attribute
people in each Stop. AN called "handicap”. The representation will
na-user

} include the new keyword "H support" with
Agreement: (iDeveloper 1 (%Dev&loper 2 numeric values

ACCEPTED

Agreement: % End-User 1 %Develnper 2

Stop should include a new boolean attribute %

F:alled "handicap". The representation m:fill The handicap support must conform to
include the new keyword "H support” with Developer J company regulations and ranged from 0
values "true" or "false" (no support), to 3 (full support)

\,
Agreemenl: (*DEVELDPEF 2 x %End-User 1 Agreement: (% End-User 1 ( % Developer 1




Change Proposal

Itis necessary to add support for handicapped % Stop should include a new integer attribute

people in each Stop. called "handicap”. The representation will
End-User 1

} include the new keyword "H support" with
Agreement: (iDeveloper 1 (%Dev&loper 2 numeric values

Agreement: ( % End-User 1 ( %Develnperz

ACCEPTED

Stop should include a new boolean attribute %

F:alled "handicap". The representation m:fill The handicap support must conform to
include the new keyword "H support” with Developer J company regulations and ranged from 0
values "true" or "false" (no support), to 3 (full support)

\,
Agreemenl: (*DEVELDPEF 2 x %End-User 1 Agreement: (% End-User 1 ( % Developer 1




Change Proposal

Itis necessary to add support for handicapped % Stop should include a new integer attribute

people in each Stop. called "handicap”. The representation will
End-User 1

} include the new keyword "H support" with
Agreement: (iDeveloper 1 (%Dev&loper 2 numeric values

Agreement: ( % End-User 1 ( %Develnperz

ACCEPTED

ACCEPTED

Stop should include a new boolean attribute %

F:alled "handicap". The representation m:fill The handicap support must conform to
include the new keyword "H support” with Developer J company regulations and ranged from 0
values "true" or "false" (no support), to 3 (full support)

\,
Agreemenl: (*DEVELDPEF 2 x %End-User 1 Agreement: (% End-User 1 ( % Developer 1




Example: after

Abstract Syntax

IDElement

id : String

ZIB

|
Vehicle

0..*

follows

|

AP

|

sFollowedBy 0.1 L~oute

Tram

0..*|isContained
contains | 0..*

Stop

lat : double
lon : double

Concrete Syntax Example

tram 1: route A: stop 001:
route A; stops: 001, 002; Ilat: 23.1082
. lon: 12.9883




laboro process

End-users

Rendered Examples

. Community
Collaborations % Manager

E * * E E ..:::;:E::::.. é«drives»
* :

@ Developers

¢ jsStored *

« generates »

Model 1

DSML Examples

""" Collaboration

Concrete
syntax

DSML Definition

DSML
Tooling

o




Discussing the abstract syntax

ETypedElement

0..1

T

EStructuralFeature

0.*

4&

EAttribute

EReference

—.

+eType

0.*

EClassifier

N g

EPackage

EClass EDataType

4}.

EEnum |0

EEnumLiteral




Discussing the concrete syntax

MNotationElement

1.*

1..11 I

subElems

id : String

1.1

separator

[I‘:.

Composite

GraphicalElement text

0.*

X :int
y rint

width : int

height : int

1.1

TextualElement

SyntaxOf

0."

reference

A

Keyword

Value

1.1

attribute

EReference
<<from ECore package==

tl').

Figure

Rectangle

sep: String

tl}.

[

AttValue

RefValue

1.1

reference

EAttribute
<<from ECore package==

1.1

EReference
==from ECore package==




Representing collaborations

HistoryType

TRUNK
BRANCH

0.*

Vote

votedBy |1..1

votes

agreement : boolean

VersionHistory

User

proposedBy

collaborations

Collaboration

type : HistoryType

id : String

1.1

2
versions | 0..1

Version
id : String
hD..1

o P
1.

1

proposals

conflictWith

0.*

id : String
rationale : String

lo..*

\o.* |

0."

Proposal

accepted : boolean

previous

Metalnfo

T

1.1 [1.1
0.*

metalnfo

| comments |0.."

0..1 \/comment

Solution

N 1.1 1.1

Priority

value : int

TagBased

0..* |changes

Comment

included : boolean

1.1

Change |1 1

referredElement

-

SyntaxElement

1.1

[

[ ]

target

Tag

value : String

1.1

Delete

source

1.1 |

AbstractSyntaxElement

ConcreteSyntaxElement

1.1y element

EModelElement
<<from ECore package=>>

1.1
Tt _Jmeps | .

s element

MotationElement
<<from Notation package>=>




Environment

Collaboro - collaboro.examplesftransport/transport.textual.ecore - Eclipse SDK

File Edit MNavigate Search Project Run Sample Ecore Editor Collaboro Window Help

=
] Package Explorer &3 = transport.textual. &l = O Version View 2

% ¥ ||¥ #] platform:/resource/collaboro.e||¥ 7 Proposal pl from end-user 1

¥ & collaboro.examples =~ # transport ~ % Solution s1 from developer 1

> [ companies P H IDElement = Comment cl from end-user 1

P H TransportSystem P 7 Proposal p2 from end-user 1

b = productionSystem
¥ [=transport b B Vehicle -> IDElement “% Collaboration View &

B2 examplel.transport.xmi b H Bus -> Vehicle -Collaboration -Solution

_ ' 2 Tram -= Vehicle
& transport-evolved.textual.ecore Proposed by developer 1 = l Add l [ Update l [ Delete l
P B Route -> IDElement

#] transport.graphical.ecore

P H Stop -> IDElement _ The Stop
Rationale metaclass should < |3 Referred

l¢! transport.graphical.notation .
be enriched # EClass Stop

& transport.textual history

l¢ transport.graphical.history

Votes Disagree [end—user 1 " EAttribute

& transport.textual.notation

#) ModiscoWorkflow.ecore = Notation View 5
¢! ModiscoWorkflow.history
L& ModiscoWarkflow. notation

tram =value of 'id' attribute=

route =value of 'drives' reference=

[« e [>]
B'? Problems (@ Javadoc (E% Declaration (E Properties &3




Environment

Collaboro - collaboro.examples/transport/fexamplel.transport.xmi - Eclipse SDK

File Edit MNavigate Search Project Run Sample Reflective Editor Collaboro Window Help

f# Package Explorer &3 ~ O 4 examplel.transpor 2 = O © Version View &

= platform:/resource/collaboro.e @ Collaboration View &3

~ I=* collaboro.examples ¥ 4 Transport System

P (= companies % Tram Tl m Notation View

P (= productionSystem + Route R1 tram T1 :

¥ [=transport < Stop stopl route Rl

*. examplel.transport.xmi + Stop stop2 route o

#| transport-evolved.textual.ecore 4+ Stop stop3 ) lslt-ops Stopl,stop2, stop3
#) transport.graphical.ecore ::
l¢ transport.graphical. history stop3
l¢) transport.graphical.notation
B transport.textual.ecore
¢ transport.textual.history
¢ transport.textual.notation
#) ModiscoWorkflow.ecore
4 ModiscoWorkflow.history

& ModiscoWorkflow.notation

[« I [>]

B & Problems (@ Javadoc ﬂ_% Declaration (E Properties &2

Selected Object: platform:/resource/collaboro.examples/transport/examplel.transport.xmi




t enough...

Engagement is limited
— End-users are required to express changes at high-level of abstraction
— Solution: Example-driven collaboration

Collaboration strategies
— How to adapt the collaboration protocol?
— Solution: Mechanism to define a democratic process

Good notations
— What is exactly a good notation?
— Need of experimentation on this field

Semantics
— What happens with semantics?
— Solution: Mechanisms to make easier the discussion about semantics




Example-driven Bottom-up

Conformance

[ J ! p ‘
«%’ — Fragment-n Checking &
] ] Reporting
Engineer +®
[ — Neutral

f"g,\ - — : Meta-
: el ' | Fragment-1 || Model

Doméin
expert

Compilation into
implementation
meta-models

-
Purpose Model-to-model |1/M€ta8 ["Model-to-model |
of use Transformation |,iD€pth | Transformation |
T 1l

Visual Textual |,![ Visual Textual I

Language Language ‘ Language Language

Technical Spaces




The DSL case - During




Automatic testing of the user
experience (interactive)

= Specially for concrete syntaxes

= Reuse what we know from web interaction and
design
— Small changes can make a huge difference

— Even seasoned designers fail to predict upfront
what would work

— Different user profiles may require different
concrete syntaxes

= What about A/B testing for DSLs?
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Automatic testing of the user
experience (interactive)

= Which syntax for expressing transformation
rules is better?

— It’s up to the users to choose!!!

Rule newMachine Rule newMachine
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The DSL case - After




Corpus analysis (post mortem)

= Analysis of repositories of DSL models (i.e.
instances of the DSL under analysis)

= We can analyze:

— (meta) classes that are never used <-
irrelevant?

— Clusters in the DSL <- two subDSLs?

— Complex structures (clones) that appear
often <- is the DSL missing an important
element?
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Corpus-based DSL Analysis

‘ Domain specific languages (DSLs) — Languages tailored for a specific domain

Has received limited focus compared to,
for example, the implementation phase’

Design Implementation Evaluation Maintenance
DSL lifecycle

[Runtime Analysis]

Transformation
Results Analysis - -
DSL
Quality

Evaluation
[ Individual User Feedback}
M

odel Analysis Analysis

*Gabriel et al. (2010) Do software languages engineers evaluate their languages?



Corpus-based DSL Analysis

Clone Analysis

Identify duplication within the language

Group 12

Total clones: 2
Total files: 2
File names: /lab42.

/lab42-nrpe/manifests/debian.pp (1 - 21)

/lab42-nrpe/manifests/redhat.pp (1 - 21)

# Class nrpe::debian
H Managed init config file for Debian/Ubuntu
e nrpe::debian {

include nrpe: :params

file { "nrpe.i
path ::initconfigfile}”,

mode
ouner onfigfile owner}",
group 1 ::configrile groupi”,
ensure

require => Package["nrpe"],

notify => Service["nrpe"],

content => template ("nrpe/nrpe-init-debian.erb"),

# Class nrpe::rednac
H Managed init config file for RedHat/Centos
b nrpe::redhat {

include nrpe::params

file { "nrpe.init":
=> "Sinrpe nitconfigfile}",
=> "S{nzpe onfigfile mode}”,
"S{nrpe: :params: :configfile_owner}",
"${nrpe :1configfile group}”,
ensure present,
require => Package["nrpe"],
notify => Service["nrpe"],
content => template ("nrpe/nrpe-init-redhat.erb"),

Identify metamodel element usage

Name Total Name

Name

PuppetManifest SelectorEntry
LiteralN: R E: i

DoubleQuotedString IfExpression*

ResourceBody ElseExpression

AttributeOperations LiteralUndef
HostClassDefinition OrExpression
VirtuaIN

VerbatimTE EqualityExpression

ResourceExpression ParenthesisedExpression
AttributeDefinition Import Expression

MatchingExpression
RelationalExpression
ExprList
UnquotedString
AppendExpression
AttributeOperation®+
BinaryExpression*+
BinaryOpExpression*+
Expression®

AtExpression

FunctionCall LiteralRegex
Assignment Expression NodeDefinition

ExpressionTE AndExpression
Definiti List AttributeAdditi

VariableExpression Collect Expression

LiteralBoolean ExportedCollect Query LiteralExpression*+
SingleQuotedString £ RelationshipExpression LiteralName
LiteralList UnaryNotExpression

DefinitionArgument InExpression

Definition* ElselfExpression
Case HashEntry
CaseExpression LiteralHash

VariableTE & VirtualCollectQuery TextExpression*+
LiteralDefault 4 AdditiveExpression 3

+
1CollectQuery*+
InterpolatedVariable
1QuotedString*+

MultiplicativeExpression
ParameterizedExpression® +
Shift Expression
StringExpression®+

UnaryExpression*+
UnaryMinusExpression

Relationship Analysis

Identify metamodel element relationships

Cluster No.  Metamodel element Cluster No.  Metamodel clement
1 Definition 1 Parenthesised Exprossion

DefinitionArgument UnaryNotExpression
DefinitionArgumentList 5 LiteralUndef
AttributeOperations 6 VirtualNameOrReference
AttributeDefinition AttributeAddition
ResourceExpression LiteralRegex
ResourceBody OrExpression
DoubleQuotedString RelationshipExpression
VerbatimTE Import Expression
LiteralNameOrReference AndExpression
AtExpression VirtualCollectQuery
Assignment Expression AdditiveExpression
SingleQuotedString InExpression
VariableExpression MatchingExpression
FunctionCall ElselfExpression
EqualityExpression i i
IfExpression UnquotedString
ElseExpression LiteralHash
LiteralBoolean HashEntry
VariableTE ExprList
SelectorEntry NodeDefinition
SelectorExpression ExportedCollectQuery
LiteralDefault Collect Expression
Case
CaseExpression
LiteralList
ExpressionTE

DSLs under evaluation/consideration:

/APYPPEL  ATLE

Bl oc

ALLODY




