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MOTIVATION

Model-transformations are the key elements
for automation in model-based approaches
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MOTIVATION

Transformations are defined over specific meta-models

Difficult to reuse for other related meta-models

How to avoid creating (essentially)

the same transformation for
different meta-models?
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MOTIVATION:
PROCESS MODELS TO PETRI NETS

| t _
Rl Task Place |&—

! [ name: String id: String | Transition
: Initial: boolean tokens: int |outs




MOTIVATION:
PROCESS MODELS TO PETRI NETS
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TRANSFORMATION
(GRAPH BASED)

L ] R=ENAC_____
| t.Task || ! t.Task |- Place

' [name=n . ' |name=n id=n

: - tokens=t.initial?1:0
L e RZNAC
| tL:Task [-|pl:Place i: tl:Task F{pl:Place HLS
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TRANSFORMATION
(ATL)

rule Task2Place {
from t : Process!Task
to p : PN!Place (
id <- t.name,
tokens <- if t.initial then 1 else @ endif

¥

rule next2Transition {
from t1 : Process!Task,
t2 : Process!Task (tl.next->includes(t2))
to tr : PN!Transition (
inps <- t1,
outs <- t2

- ATLC




REUSE FOR ANOTHER

META-MODEL
'next o
:ne)i Task | Place
| [ name: String |8 Id: String
| initial: boolean |t '|tokens: Int

Activity rom

i ident: String %o
: JAY

Initial Activity




AD-HOC REUSE (COPY+ADAPT)

rule Task2Place {
from t : Process!Task
to p : PN!Place (
id <- t.name,
tokens <- if t.initial then 1 else 0 endif

¥

rule next2Transition {
from t1 : Process!Task,
t2 : Process!Task (tl.next->includes(t2))
to tr : PN!Transition (
inps <- t1,
outs <- t2




AD-HOC REUSE (COPY+ADAPT)

rule Task2Place {

from t : [PROCESSHNCEIVIEY

to p : PN!Place (
id <- t.ident,

tokens <- if t.oclIsTypeOf(Process!InitialActivity) then

1 else O endif
)

}

rule next2Transition {

from t1 : PROCESSHACEIVEEY
t2 : Process!Activity

to tr : PN!Transition (
inps <- t1,
outs <- t2




AD-HOC REUSE (COPY+ADAPT)

rule Task2Place {




EXPLICIT MODEL ADAPTATION

B Task
| [name: String

Place [
id: String |, | Transition

tokens: Int |outs

Initial: boolean

activity2task;task2PN

Activity rom
_ _ FlowEdge
ident: String [t

Initial Activity

&




MOTIVATION

rule Activity2Task {
from t : Activities!Activity
to p : Process!Task (

id <- t.ident,
initial <- t.oclIsKindOf(Activities!InitialActivity),
next <- Activities!FlowEdge.allInstances()->

select (e | e.from = t)->
collect(e | e.to )

t: p: Task pl: Place

InitiaI;\ctivitV ‘ name=a0” ‘ name="a0’
Ident="a0” Initial=true tokens=1

q.
—



MOTIVATION




SO WHAT?

Concept-based reuse

de Lara, Guerra. “From types to type requirements: genericity for model-driven
engineering”. SoSyM 2103.

Sanchez Cuadrado, Guerra, de Lara. “A Component Model for Model
Transformations”. IEEE Trans. Software Eng. 2014.

Multi-level based reuse

de Lara, Guerra, Sanchez Cuadrado. “Model-driven engineering with domain
specific meta-modelling languages”. SoSyM 2015.

A-posteriori typing
de Lara, Guerra, Sanchez Cuadrado. “A-posteriori typing for Model-Driven
Engineering”. MoDELS 2015: 156-165

Transformation co-evolution

Di Ruscio, lovino, Pierantonio. “A Methodological Approach for the Coupled
Evolution of Metamodels and ATL Transformations”. ICMT’13

Model (sub-)typing
Steel, Jezequel. “On Model Typing”. SoSyM 2007.
Guy, et al. “On Model Subtyping”. ECMFA'12.
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CONCEPT-BASED REUSE

Automate ad-hoc copy-adaptation:

* Transformations defined over “concepts”
* Binding to concrete meta-model

. i /& Transformati
- Automated transformation adaptation &g deveioper
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STRUCTURAL
CONCEPTS
SimpleTask concept

Structural Concepts. R L T AR S

Task

name: String
Initial: boolean

|

» They gather the structure needed I
from meta-models for the : E

I

|

|

|

transformation to be applicable.

» They have the form of a meta-
model as well.

Their elements are treated as variables, which need to be bound
to elements in specific meta-models.

Interface of the transformation

* No superflous elements
* No extra complexity
» Transformations become as simple as possible




SimpleTask concept

REUSABLE i ne)ﬁ Task
TRANSFORMATIONS  Ljname:Sting
, initial: boolean
S S
Transformations defined using the types of the concept.
L _______ RENAC _____
| I
| t.Task || ! t.Task |- Place
' [name=n . | |name=n id=n
| - tokens=t.initial?1:0

t2:Task [-|p2:Place|!:| t2:Task |- :)2:Place<:J

Foocecooo-s e R=NAC
| tl:Task |-{pl:Place i: tl:Task [{pl:Place 'ﬁn‘ﬁ
i l:next : i Lnext . Transition



Concept binding:

BINDING R Task :
| name: String i

Initial; boolean
* Bind each element in the

concept to an element in the
meta-model. e
Software Engineering processes
™

-

following
Binding Engineer [€=—— SETask 0.5
Task— SETask !d3 S’F”ng
name — id IsInitial: boolean

Initial — isinitial
next — following | | | |
Analysis || Coding || Testing || Design




ADAPTATION

The transformation gets automatically adapted

Similar to template instantiation in generic programming

i t:SETask | | i t:SETask |- :Place i
,[1d=n . '"lid=n id=n :

t1:SETask-|pl:Place

t1:SETask F{p1:Place (_Im@

‘Transition

l following l following
12:SETask | | p2:Place ['1| t2:SETask [ {p2:Place <J




WAIT A MOMENT...
IS THE RESULTING

TRANSFORMATION

CORRECT?

Concept binding Meta-model

Rules for the binding _,
- Cardinalities ——y *i -

« Composition, features, subtyping, etc

Task

Depends on what you do with the concept

- Read only (e.g., for M2M transformation) %

next

*
next

« Write (e.g., for in-place transformation) W
Task [ €3~

’followm@_ 0.5

SETask

Wo..5
SETask

SETask

SETask

Sanchez Cuadrado, Guerra, de Lara. “Flexible Model-to-Model Transformation Templates: An Application

to ATL”. JOT 2012.




WAIT A MOMENT...
ISN’T THIS JUST A
RENAMING?

HOW FLEXIBLE IS THE
BINDING?

Basic binding

« Renaming of types, attributes
* N-to-1 mappings

More flexibility is needed in practice

* Hybrid concepts
- Cardinalities in concept elements
« Adapters




MORE FLEXIBLE g Task
BINDINGS i [ name: String

Initial: boolean

Concepts express a
particular design choice on
how structure Is organized

Different meta-models may
Implement the same
structure differently

Activity ~ [rom

ident: String [t
JAY

« Association as
Intermediate class

« Enumerate as subclases
> etc.

Initial Activity




SimpleTask hybrid

HYBRID CONCEPTS - --------- concept.

Hide “unessential” structure behind

required operations getName(): String

|
|
|
|
' |isInitial():boolean
| getNext(): Task[*]
Operations need to be implemented N ————— ,

together with the binding

The generic transformation may use
these required operations




SimpleTask hybrid
concept

— o o o E— o E e o o e o oy

HYBRID CONCEPTS

getName(): String
islnitial():boolean
getNext(): Task[*]

|

|

|

|

|

|

|

|

C . |

binding P
Task — Activity

operation Activity getName() : String { return self.ident }s 4(‘/!I
operation Activity isinitial() : boolean { return false; }
operation Activity getNext() : Set(Activity) {

return FlowEdge.all.select(f|f.from=self).collect(f|f.to);

}
operation InitialActivity isInitial() : boolean { return true;}
_______________________ A
Activity rom
. _ FlowEdge
ident: String [to

Initial Activity

2/




SimpleTask hybrid
concept

HYBRID CONCEPTS

getName(): String
islnitial():boolean
getNext(): Task[*]

I

|

|

|

|

|

|

|

- |

binding /
Task — Activity

operation Activity islnitial() : boolean { return false }
operation Activity getNext() : Set(Activity) {
return FlowEdge.all.select(f|f.from=self).collect(f|f.to);

}
operation
_______________________ ¥ lﬁ
Activity rom
. _ FlowEdge
ident: String [to

.

%

Initial Activity




BINDING ADAPTERS

Elements in the concept are variables

* Allow binding them to expressions: adapters

Adapters resolve the heterogeneities between the
concept and the meta-model

They induce an adaptation of the transformation




F'rule Task2Place {

I then 1 else ©

Concept | :

"next——————————— I ( from t : PrlTask :

| E Task | typedon 1to  p : PN!Place ( :

: initial; boolean I : tokens <- if t.initial :
|

|

|

Task = Activity

Task.initial = if (self.oclisKindOf(InitialActivity)) then

true else false endif
Task.next - FlowEdge.allinstances()->
select(e|e.from=self)->
collect(to)

Meta-model

:helper context Pr!lActivity
I def: initial : Boolean =
: if (..) then true else

| false endif;
:rule Task2Place {

( from t : PrlActivity

Ito p : PN!Place (

I
|
|
| AN o [Edge typed on,
:
|

tokens <- if t.initial
I then 1 else ©




ADAPTERS VS
HYBRID CONCEPTS

‘Hybrid concepts. Adapters.
&
&
K

&
)

A




WAIT A MOMENT...

Aren’t concepts characterizing a set of “suitable”
meta-models for the transformation?

Isn’t that exactly what meta-models do (for
models)?

Concepts as meta-meta-models

Rely on typing: no need to adapt the
transformation




MULTI-LEVEL BASED
REUSE
(Process Modelling\

Language families as instances of a Task B Gateway
common meta-model Kind | Kind

2

Seq Par
J

NN

Analysis || Design Lesson || Exam

Programmer Student

Software Process Educational
Modelling Language Modelling Language

[ \

Software Process Educational
Models Models




MULTI-LEVEL BASED
GENERICITY
Process Modelling

' : Task F— Gat )
Transformations can be deflnﬁdo/n( K?r?d : ?(may

defined at the top meta-level tor 7
: S P
[Transformatlon} = =iy
Applicable to instances of o7 7 \
|l lan In ' =
alflanguages the famlly Q’l Analysis || Design Lesson || Exam
Qo
8: Programmer Student
'_5_“ Software Process Educational
%:V Modelling Language Modelling Language
A A
~ / \

Software Process Educational
Models Models




MULTI-LEVEL BASED
GENERICITY

Src

l defined on {

Task Gateway
Kind t;r Kzgd
Seq Par
«c@anf»
C2T: Seq
SIrc ta
Coding:TaskKind | | Test: TaskKind
tar SIC
T2C: Seq
«an»
_ tagg UNitDt: |sr
£ Lot Test
Sre : T2C
data: gui: |
Coding Coding | tar

rule Task2Place
transform t :
to p :

}

LevelO!TaskKind
Place

9
@
X9
RS/
N
S
@

(data: unitDT:
Coding Test
| ui:
L odin y




MULTI-LEVEL BASED
GENERICITY

Src

rule Task2Place
TaSk * Gat_eway transform t : LevelO!TaskKind
Kind Kind to p : Place

tar A {

[ |
}

Seq Par ;
«c@nf» rule CodingZPlace

C2T: Seq defined transform t : Coding
src ta on to p : Place
. . : {..}
Coding:TaskKind | | Test: TaskKind _ rule Test2Place
tar/ ord transform t : Test
t : P1
T2C: Seq {...}o P
(. . )
—— data: unitDT:
ta UNItDL: |sr Coding Test

[ et
Src

data: qui: —
Coding Coding | tar N




MULTI-LEVEL VS CONCEPT-

BASED GENERICITY

* A posteriori binding: meta-
models may exist first.

« Adapters and hybrid concepts
to solve heterogeneities.

Concept
«binds » I‘\ 4(b| nds»
v «req@lires» »
Meta-Model Meta-Model
1 Transf. 5
A 7 < 7~
«conforms t0>|$ exec/uies on executegs on i«conforms to»

»
“ =

\Concept-"based éenericity'}

Meta-Meta-
Model A [

«defined on»

/’ \\
«conforms to» «corforms to»
’ \\

Meta-Model Meta-Model
1 Transf. 5

A 7 < A
«conforms to% exec/utes on execGth on i«conforms to»

1 . .

1 I 3 \‘ |

Model 1 J Model 1’ J

Multi-level-based Genericity

* A priori: meta-meta-model
should exist first.

* Ability to apply an operation
several meta-levels below.

- Domain-Specific meta-
modelling.




CAN WE GET THE BEST OF
BOTH APPROACHES?

Concept-based reuse Multi-level reuse
* A posteriori binding: * Independence of the
meta-models may exist transformation
first. language

- Adapters or Hybrid
concepts to solve
heterogeneities.




CAN WE GET THE BEST OF
BOTH APPROACHES?




A-POSTERIORI TYPING

A more flexible typing mechanism for MDE

Decouple instantiation from classification

* Interfaces in object-oriented programming
* Roles in role-based programming languages

Allow dynamic typing and multiple classifiers for objects

Type and instance-level reclassification specifications




CONSTRUCTIVE VS
A-POSTERIORI TYPING

Constructive typing — A-posteriori typing
J’asks meta-model . Scheduling MM Measuring MM
Task Schedulable Measurable
start: Date
duration: int date Date quantlty |nt
name: String T
\ — :' <|nstan-ke|?)f» «msﬂ:arﬁ:e of» ,'
1
creation i N,/
) N\ Z «mstanc_e Ofi) |\‘ «Schedulable Measurable» ,
review: Task \ review: Task 2
start= 8/5/15 ‘start= 8/5/15 _.*~
duration= 30 duration=30--"
name= “rev” name= “rev”
model ’ Smodel g

N
Constructive typing ",_"A-posteriori typing




A-POSTERIORI TYPING:
FLEXIBLE REUSE

Tasks meta-model (constructive types) Conference meta-model (dynamic types)

Task =5 Resource 0..3 Reviewer
res . . /
start: Date . TOp'C_ : Art'CI? reviews
duration: int . —L"vowner| || desc: String || title: String — L
| name: String m Person ) t_opics'T‘* | authoral__Author 4
creatio «instance-of» * (7 N
t1:Task t2:Task
model" start: 8/5/15 v :I€S start: 9/5/15
t1:Task duration: 30 «Article» duration: 30
start: 8/5/15 y ires name: “rev” || Resource name: “rev”
duration: 30 «Article» mcqi :
name: “rev” r: Resource] v :assigned .owner__
| «Reviewer» «Author,ReV|ewer>;|@gﬂ_eci
-V:assigned .owner khe model 1. Person|| p2: Person res
«Reviewer» «Author» changes —
pl: Person | [p2: Person ||and gets 3«A|:‘)Jth°r» :owner FE‘A”'C'E‘»
\_ . Ferson 5. Kesource
retyped 2 )

* A Person (constructive type) is only a Reviewer (a posteriori type)
when some condition is met. <r



SPECIFYING AP TYPINGS
AT THE TYPE-LEVEL

Tasks meta-model (MM.) Scheduling MM ( MMg)
[ Tack 1) Typing Specification )
. Task > Schedulable Schedulable
start: Date | seffstart >date i} date: Date
. months: double=self.duration/30 - spa .
name: String / / Paf span: double

: «instance of» «instance of»
;I_L:reatlon (constructive) (a-posteriori)
N\
«Sc_hedulable»
review: Task

duration= 30

name= “rev”
\_ Wy,

* Derived attributes (months) defined In the typing
specification.

* Typing rules: ensure syntactic correctness




TYPE-LEVEL AP TYPING

Instance model of Tasks (MM¢)
— —\

review: Task Scheduling MM (MMg)
fjtfrrgagéi/?,los Schedulable
name= “rev” date: Date
«instance of» span: double
writing: Task (a-posteriori) | )
start= 15/3/15 pad
duration=90 L7
name= “wrt” y
\ y ,// DT

- "Scheduling glasses”

/- _ _ N
writing: review:

Schedulable Schedulable
date= 15/3/15 date= 8/5/15

= = 1 .
\Span ? - ) Operations
{review, writing}e - ------ Schedulable.allInstances()
{1, 3} €-=-=—==-=-- Schedulable.allInstances()-> :g

collect(span)



SPECIFYING AP TYPINGS AT
THE INSTANCE LEVEL

Instance model of Tasks (MM()

;<eS\$irée\,?lgl%gI§I2> Typing Specification cheduling MM (MMg)
— — Task.allinstances()->select(duration<80)
,;;t-ni-glgt%/%-? ool > schedulable Schedulable
“daration=30 _selfstart >date y date: Date
name= “rev” /months: double=self.duration/30 = span/] span: double
writing: Task
start= 15/3/15 «instance of»
duration=90 (a-posteriori)
name= “wrt”
\_ J

 Typing defined by queries.
* Derived attributes defined by queries as well.




INSTANCE-LEVEL AP TYPING

Instance model of Tasks (MM¢)
— —\

review: Task Scheduling MM (MMg)
fjtl?rr;[;géi/?,los Schedulable
name= “rev” date: Date
«instance of» span: double
writing: Task (a-posteriori) | )
start= 15/3/15 pd
duration=90 L7
name= “wrt” y
\ y / DT

-7 "Scheduling glasses”

Ve '§

review: Schedulable
date= 8/5/15

span=1
Operations
{review} €------- Schedulable.allInstances()
{1} €----=-=-- Schedulable.allInstances()->

collect(span)



INSTANCE-LEVEL AP TYPING

Instance model of Tasks (MM¢)
— —\

review: Task Scheduling MM (MMg)
fjtfrr;[;géi/?}g Schedulable
name= “rev” date: Date
«instance of» span: double
writing: Task (a-posteriori) |
start=12/3/15 e
fduration= 60, ,’
Same= "wrt Ve Iy
. o R “Schedullng glasses”
(- — N
writing: review:
Schedulable Schedulable
date= 15/3/15 || date=8/5/15
span= 2 span=1
\ J

{review, writing}¢ - - - - - - -

{1, 2} €-=-=—==-=-- Schedulable.allInstances()-> ;

collect(span)



Task

Activity —» Task

name: String
Initial: boolean

EXAMPLE [

ident -» name
/init : boolean =
self.oclsKindOf(Initial Activity) — Initial
/follow: Task[*] = FlowEdge.allinstances()->
select(e|e.from=self)->

collect(e|e.to) — next
Activity
_ _ FlowEdge
ident: String [t

TR

Initial Activity




WAIT A MOMENT...

Aren’t retypings now a kind of transformation?

Producing a view of a given model

How expressive are retypings considered as
model transformations?




A-POSTERIORI TYPING AS A

TRANSFORMATION
inOe)fH Task ! Place <—L”ps :
' | |name: String id: String | Transition :
: Initial: boolean | tokens: int |outs |

————————————————— 4 I———————————————————————l

Task.allinstances() — Place
name — id
/toks : Int = if (self.initial) then 1 else 0 — tokens

Task.allinstances()->select(t|t.next.isDefined()) — Transition
/prevs : Task[*] = Set{self} — inps
/nexts : Task[*] = Set{self.next} —» outs



A-POSTERIORI TYPING AS A
TRANSFORMATION

nex i
| Place |25

| |[name: String id: String |- Transition
Initial: boolean tokens: int |outs

t2: Task
name="“t2" :next
Initial=true T t1:Task
t3:Task nex name= 1
Initial=false

name=“t3"
Initial=false




A-POSTERIORI TYPING AS A

(- =-=-== = ========7 | y . T T T - = == ====="
|
nex ' i
: oIH Task ! Place [
| .e * ..
| |[name: String id: String |, | Transition
: e ) <
| Initial: boolean | tokens: int |louts
L o e e e e e e e e e e e e e - J e e o e e e e e e e e e e e e e e e e = = — |
«Place, Transition»
t2:Task
name="“2" «id» wﬁ S—
. e - K« »
Initial=true . t1-Task
——— Initial=false
name="t3” «id»
Initial=false




A-POSTERIORI TYPING AS A

TRANSFORMATION
inoe)% Task ! Place <—L”ps :
| |[name: String id: String |- Transition |
: Initial: boolean | tokens: int |outs |

————————————————— 4 I———————————————————————l

«Place» «Transition»

t2:Task  [npsy t2: Task «Place»
—— 1P e
name="“42" «id»

Initial=true name="t1" «id»

«OUtS»,
«Place» «Transition» /Inltlal_false
t3:Task  [inpsy]  t3:Task

name="t3” «id»
Initial=false




TYPING AS TRANSFORMATION:
THE GOOD

No objects need to be created

 Just retype existing elements

Incrementality (forwards)

* For free

Bidirectionality

 For restricted cases of type-level specifications
* Incrementality (backwards) for (more) restricted cases

Analysis

« Executability
* Totality
 Surjectivity




TYPING AS TRANSFORMATION:
THE BAD

Limited expressivity

* 1-to-1 or N-to-1 mappings
* 1-to-N and N-to-M only in certain cases

Sk Task : Place [0S i
: name: String d: String |- Transition |
\Previinitial: boolean tokens: int [outs !

No replacement for regular transformation languages

» Helpers, auxiliary operations, etc

Efficiency operations for instance-level specifications

 T.allinstances() needs to compute all objects belongingto T
* Type caches and “smart” update policies




ANALYSIS OF
A-POSTERIORI RETYPING

Tasks meta-model (MM() Scheduling MM ( MM )

[ Task |] Typing Specification
. Task > Schedulable Schedulable
start: Date | selfstart > date
duration: Nt /months: double=self.duration/30 > spa
name: String

* Creation and role meta-models may have OCL constraints.

- Executability: Can some “Tasks® models become valid
Scheduling models?.

 Totality: Can all Tasks models become valid Scheduling
model?.

 Surjectivity: Can every Scheduling instance be obtained via
retyping some Tasks instance?




SO WHAT?
WHAT HAVE WE

GAINED?

Concept-based reuse Multi-level reuse
* The transformation is » Language families
adapted - Independence of the
* Adapters to solve transformation language
heterogeneities - Transformation applicable
« Automate ad-hoc reuse across levels

Retyping-based reuse
 Independence of the transformation language

* Heterogeneities can be resolved
* Typing becomes dynamic and multiple
* Improve model-adaptation-based reuse




Teel
support




TOOL SUPPORT

bento ( )
« Component model for transformations
» Concepts ) er-IFIOV\fDiagramto #]—O
- Domain specific language for bindings PO Eetriet PN

* ATL transformations

metaDepth ( )

« Multi-level textual modelling

* Integrated with the Epsilon languages (EOL, ETL, EGL)
« Concepts (structural and hybrid)

* Multi-level based reuse

* A-posteriori typing



http://www.miso.es/tools/bento.html
http://www.miso.es/tools/bento.html
http://metadepth.org/
http://metadepth.org/

BENTO

-

Java - Activity2PN/bindings/activity2process.gbind - Eclipse Platform

- + X
File Edit Source Refactor Mavigate Search Project Rum  Window Help
| - O ~Q >  HOGY RS EO YL G D

> Quick Access | | B Resource

=8 -
8 Package Explorer 53 - O | act2pn.bento 23 |& activity2process.gbind 28 =
= - composite component icmt2016.act2pn { binding uml2oo { [ o
- uses "process2pn.bento” concept Task : "Activities.ecore" s
w 58 Activity2PN i binding bindACT = "activityZprocess.gbind" metamodel Act : "Activities2.ecore" |_(;>
b 5> adaptations source concept ACT : "Activities2.ecore" class Task to Activity -
* (= bindings target concept PN : "PetriNets.ecore" Ij
r : feature Task.name is ident
activity2process.ghind
. = LEd & source model in : ACT feature Task.initial = self.oclIsKindOf(Act!InitialActivity)
¥ (= META-INF target model out : PN feature Task.next = Act!FlowEdge.allInstances()->
[& actzpn.bento select(edge | edge.from = self)-=
compose collect(edge | edge."to")
2pn.bent ) 3
e apply process2pn(bindACT(in)) -> (out) }
b = metamodels
b = models
b = temp
b = transformation

Adaptation of ATL transformations according to the binding

Support for refactoring meta-models into concepts

Sanchez Cuadrado, Guerra, de Lara. “A Component Model for Model Transformations”. IEEE TSE 2014
Sanchez Cuadrado, Guerra, de Lara. “Reusable Model Transformation Components with bentd”. ICMT’ 15



METADEPTH

Multi-level textual modelling // Meta-model
Model Tasks {
Concepts Node Task {

_ start : Date;
 Over every Epsilon language duration : int;
 Hybrid concepts name : String;

}

A-posteriori typing }

- Over every Epsilon language // Model

Tasks someTasks {
_ Task tO {

Analysis of type-level specs start = "30/04/2015";

* Integration with the USE validator duration = 30;

name = "coding";

- Bidirectional reclassification }
* Reclassification totality and surjectivity }

61




CONCEPT-BASED
REUSE

ETL transformation

concept SimpleTasks (&M, rule Task2Place
&T, transform task : Source!&T
&initial) to place : Target!Place
{ {
Model &M { place.name := task.name;
Node &T { if (task.&initial=true)
&initial : boolean; place.tokens:=1
name : String; else
} place.tokens:=0
} }
}
bind SimpleTasks(
SEProcess,

SEProcess: :SETask,
SEProcess: :SETask.isInitial




MULTI-LEVEL BASED
REUSE

ETL transformation

Model ProcessModel@2 { @model(potency=90)
Node Task { rule Task2Place
name@l : String[@..1]; transform task : Source!Task
initial : boolean = false; <- - to place : Target!Place
{
} } place.name := task.name;
if (task.initial=true)
ProcessModel SoftwareProcess { place.tokens:=1
Task Analysis { else
name = “reqs, analysis”; place.tokens:=0
} }
} ,
SoftwareProcess aSoftProcess{ ,’/
Analysis a { .-
initial = true; “«---" -
}




A-POSTERIORI TYPING:
BX MODEL TRANSFORMATIONS

Simple bidirectional model transformations by reclassification

PetriNet meta-model
LetriNe

Factory meta-model

ins
. — Terminator Pm— .
mps\l! 1. inps . N Place |« Transition
Conveyor [ <
oo Sirmgojoutes | Assembler] Type-fevel NI~ outs
— N specificatio tokens
¥ Token |&---
afts\l'* outps Generator !
Part cont: Place.all()->one(x |
qa: boolean=true x.tokens->includes(self))




A-POSTERIORI TYPING:
BX MODEL TRANSFORMATIONS

Simple bidirectional model transformations by reclassification

Factory meta-model PetriNet meta-model
( [ ins )
_ — Terminator Pm—
mps\l! 1. inps N Place [« Transition
Conveyor [€ . €
—— Strir:/g[o 3 Sutps | Assembler| Type-level *‘l’ outs
— = specificatio ktokens
i Token [&---
afts\l'* outps Generator :
Part cont: Place.all()->one(x |
qa: boolean=true x.tokens->includes(self))

type Factory PetriNet {
Conveyor::parts > Place::tokens,
Generator::outps > Transition::outs, Terminator::inps > Transition::ins,
Assembler::inps > Transition::ins, Assembler::outps > Transition::outs,

}




A-POSTERIORI TYPING:
BX MODEL TRANSFORMATIONS

Simple bidirectional model transformations by reclassification

Factory meta-model PetriNet meta-model
( ins )
. — Terminator Pm— .
mps\l! 1. inps N Place [« Transition
Conveyor [€ . €
— Strir:/g[o T Sutps | Assembler| Type-level *\l’ outs
— = specificatio tokens
arts‘l’* Outps Generator Token f<-- E
Part cont: Place.all()->one(x |
qa: boolean=true x.tokens->includes(self))
factory model 1 reclassification !
g:Generator | | t:Terminator — —
\boutps .],inps g:Transition || t:Transition
. } /! \Louts \Lins
cl:Conveyor | | c2:Conveyor . View of
parts{ name:-‘fclﬂ name:rtczn Cl:Plf:lce C2:P|ace
'[ inps  outps T tokens ’['“S outs T
p: Part "
Ja=true a:Assembler p: Token a:Transition

Forward reclassification




A-POSTERIORI TYPING:
BX MODEL TRANSFORMATIONS

The typing specification can also be used backwards!

Might yield multiple AP typings for a model

PetriNet example {

Factory example { // 1st typing
Place p{} Conveyor p {}
Transition t{ ins = [p]; } Terminator t { inps= [p]; }
J }
Factory example { // 2nd typing
Conveyor p {}

Assembler t { inps= [p]; }
}




A-POSTERIORI TYPING:
BX MODEL TRANSFORMATIONS

The reclassification is not total

- Equivalently, the backwards reclassification is not surjective
The solver produces a witnhess

* A Factory model that cannot be reclassified into a Petri net

// Model witness with no Petri net equivalent
Factory noRefinementWitness {
Assembler assembler2 { outps= [conveyor2, conveyorl]; }
Conveyor conveyorl { name= "stringl"; }
Conveyor conveyor2 { name= "stringl"; }

Generator generator2 { outps= [conveyorl]; }
Part part2 {

ga = true;
} // This part would become a token outside any Place

}




APPLICATIONS:
REUSE OF OPERATIONS

Simulator for Petri nets can be reused “as is” for Factory

 Provide an AP typing from Factory to Petri nets
* Factory models become typed as Petri nets

// EOL excerpt of the simulator
operation Transition enabled() : Boolean {
return self.ins.forAll(p| p.tokens.size()>0);

}

operation step() : Boolean {
var enabled : Set(Transition) := Transition.all.select( t | t.enabled());
... // fire one random Transition from enabled

}




APPLICATIONS:
FLEXIBLE REUSE

// Type parts as tokens only if QA is passed

type Factory PetriNet inst {

}

$Conveyor.all$ > Place with {
Isp : Token[*] = $self.parts.select(p|p.ga=true)$ > tokens

$Part.all.select( p | p.qa = true )$ > Token
4 N\ A
«Transi'gion» «Transi’gion» «Transi'gion»
t:Terminator t:Terminaton t:Terminaton
J’g-:ins» J’«ins» ¢g{ins»
INps INPS INps
«Place» N «Place» N «Place»
c:Conveyor | [qcheck() D | C:Conveyor | [epnS| c:Conveyor
name="finish” U | name=“finish” /1 | name="finish”
«tokens» |«tokens» «tokens»
parts parts parts parts parts
«Token» «Token» «Token»
pl:Part || p2:Part pl:Part || p2:Part p2:Part
Lga=true || ga=true | \ ga=true || ga=false ga=false




SUMMARY —_

Approaches to reuse in model transformation

* Reuse transformations for other meta-models

Concept-based

* ldeas from generic programming
« Hybrid concepts, adapters
Multi-level modelling

- Families of languages
A-posteriori typing

* Provide additional types via retyping specifications
* Dynamic typing




FUTURE WORK % T~ 3

Syntactic vs Semantic reuse correctness

* Transformation intents

Improve tool support for retypings and reuse

* Repositories of reusable transformations
* Reuse recommenders

Exploit structural typing in MDE
Explore multiple typings for MDE

Explore more in detalil retypings as bx transformations
[Q\
NS
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