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Challenge

Transformation Rules

Set of Constraints

context A invariant:
elf.b()-> size()>=1;
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How can we automatically update
model transformations to preserve a
given set of constraints?
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Contribution

Based on existing theory [1, 2] we developed a tool, called OCL2AC, which automatically adapts a given rule-
based model transformation such that resulting models do not violate a given set of constraints

Meta-model + OCL Constraints

oamc@ E> e

Henshin Rule A - Updated Henshin Rule

OCL2AC is an Eclipse plugin which relies on: EMF, OCL and the Henshin language

[1] Radke, H., Arendt, T., Becker, J.S., Habel, A., Taentzer, G.: Translating essential OCL invariants to nested graph constraints for generating
instances of metamodels. Science of Computer Programming 152, 38 - 62 (2018)

[2] Habel, A., Pennemann, K.H.: Correctness of high-level transformation systems relative to nested conditions. Mathematical Structures in
Computer Science 19, 245-296 (2009)
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OCL2AC: Overview

(J Two main components:

=  OCL2GC: Translate OCL constraints to graph constraints

l‘«’leta-mods_'I%D OC’-ZGC |:>

(Translator)

Graph Constraints

@X

OCL Constraints

Nebras Nassar et al. OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions



OCL2AC: Overview

(J Two main components:

=  OCL2GC: Translate OCL constraints to graph constraints

I‘«’Ieta-mt:)ds_'I%D { OC’-ZGC

=

/, (Translator)

OCL Constraints

]

\

Nebras Nassar et al.

Graph Constraints
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OCL2AC: Overview

(J Two main components:

= OCL2GC: Translate OCL constraints to graph constraints ® GC2AC: Integrate graph constraints as application conditions

ey,
.
= Rule |

== [ ocL26c |
Meta-model '
(Tr anslator, ) |:> Graph Constraint % GC2AC |:> ‘ﬁ
/’ - | / (Integrator) A -
‘

i
» Il

%

Graph Constraints
Updated Henshin Rule
OCL Constraints

Henshin Rule

* Each component is designed to be usable on its own (as Eclipse plugins)
* Limitation: The theory beyond the tool considers OCL constraints corresponding to a first-order, two-valued logic
and sets as the only collection type
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Running Example

O Meta-model: A simple Statechart

O Editing rules
H StateMachine

i =) Sl e 'ﬁ’ Rule insert_outgoing_transition
2 pseudostateKind e 1. [0.7] subvertex E Region - —
— Vertex . D
: Idnelzsll-listory = name: Estring | [1..1] target [0, *] incoming B Transition |[0-"] transition «preserve» outgoin «preserve»
} isct‘ii"OWHiStorY _ |[1..1] source [0..*] outgoing ] rv:Vertex _9_99 rt:Transition
—— 4% «Create»
B B Stat 0.* i ~ 4
i © [0..*] connectionPoint g - it e i
T kind : PseudostateKind = initial

Henshin rule: Insert_outgoing_transition
H FinalState
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Running Example

O Meta-model: A simple Statechart U Editing rules
H StateMachine

[0..*] connectionPoint = name: EString | [1..*] region f . . .y
| | i e - . = Rule insert_outgoing_transition
¢ PseudostateKind % Vertex - H Region
:iﬂgghismw = name : Estring | [1.1] target 0] incoming]| E Transition |[0-"] SynHaan «Preserve»| 5 tgoing. [<Preserve»
:is:iillolestory |[1.1] source  [0.*] outgoing J rv:Vertex Z\rt:Transition
—— 4% «Create»
E "* 1 \ y

A f Ps:udosf(atj I [0..*] connectionPoint State " [0.*] region
T kind : tateKi = initi . . ey e

e Henshin rule: Insert_outgoing_transition

B FinalState

L+ K R

— <

=
03

2
m

‘rt:Transition‘ ‘rt:Transition‘ ‘rt:Transition‘

Insert_outgoing_transition rule (Formally)
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Running Example

O Meta-model: A simple Statechart

H StateMachine
= name : EString [

¢ PseudostateKind

= initial

- deepHistory

= shallowHistory
- join

= name : EString

[0..*] connectionPoint

[0..*] subvertex

[1..¥] region

H Vertex

[1..1] target

[0.*] incoming

m[&.*] Sianssion

H Region

|[1..1] source

B Pseudostate

T kind : PseudostateKind = initial

[0..*] connectionPoint

B State

[0.*] region

d Model

sm:StateMachine/ 22

[0..*] outgoing

.

B FinalState

ps:Pseudostate

subvertex

fs:FinalState

ﬂtgo:l.‘[\%
o

t0:Transition

sl:State

t: Transition

The abstract syntax of the state machine
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O Editing rules

= Rule insert_outgoing_transition

«preserve»| J .+ qin «preseryg»
rv:Vertex _g_g9rt:Tran5|t|on
«Create»

Henshin rule: Insert_outgoing_transition
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B FinalState

d Model

oub Evoipg

t0:Transition
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subvertex

sm:StateMachine[®=2>rg:Region

¢ subvertex s S]_State_

Q

=
[3 I et
I}S&J‘oﬂ o2

£ @)

g =Y

3 t-Transition’ >
fs:FinalState

The abstract syntax of the state machine
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[1..1] target
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B Pseudostate
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. . B State
[0..*] connectionPoint

A
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.

B FinalState

|[1..1] source [0..*] outgoing

O Editing rules

= Rule insert_outgoing_transition

« p reserve»
rv:Vertex

outgoing

«preserve»
rt:Transition

«Create»

Henshin rule: Insert_outgoing_transition

L Constraint: A FinalState has no

outgoing transition.

OCL specification

context FinalState inv no-outgoing-transitions:
self.outgoing -> isEmpty();
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Running Example

0 Meta-model: A simple Statechart O Editing rules

B StateMachine

' N
. = Rule insert_outgoing_transition
[0..*] connectionPoint = name : EString [1..¥] region
¢ pseudostatekind . [0.."] subvertex H Region taoi
e | il " * - outgoin
i ;n;:;history = name : Estring | [1..1] target [0, *] incoming B Transition [[0-*] transition rv'Vertex _9_99 rt-Transition
B isc:';"OWHimW _ [1..1] source [0.*] outgoing «Create»
T \ J
[
8 Pseudostate 0. connecionpoint | BN [0.] region Henshin rule: Insert_outgoing_transition
< kind : PseudostateKind = initial [<—
H FinalState
= We want to adapt the rule to

preserve the given constraint using
OCL2AC

L Constraint: A FinalState has no
outgoing transition.

OCL specification

context FinalState inv no-outgoing-transitions:
self.outgoing -> isEmpty();
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OCL2GC: Translate OCL Constraints to Graph Constraints

3

Meta-model

A

QOCL Constraints

%

-

(1) prepare

N

OCL
Constraints

S

.""'2““-,
e
translate

(=) simplify

N

Compact
Condition

@
complete

—

(s) simplify )

Nested Graph
Constraints

Iy

context FinalState inv no-outgoing-transitions:
self.outgoing -> isEmpty();
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OCL2GC: Translate OCL Constraints to Graph Constraints

6) prepare
VY
Meta—modeI%
% OCL
Constraints

-

translate

—

(3) simplify

D

Compact
Condition

@)

complete

—

(s) simplify

"

\

Nested Graph

Constraints

/

%

OCL Constraints

context FinalState inv no-outgoing-transitions:

self.outgoing -> isEmpty();

jo

context FinalState inv no-outgoing-transitions:

not (self.outgoing -> size()>=1);
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OCL2GC: Translate OCL Constraints to Graph Constraints

A

Meta-model

=

OCL Constraints

Y

6) prepare ® simplify (s) simplify N
OCL translate | Compact | complete| Nested Graph
Constraints | = | Condition ™= | Constraints

3

~/

context FinalState inv no-outgoing-transitions:
self.outgoing -> isEmpty();

10

context FinalState inv no-outgoing-transitions:
not (self.outgoing -> size()>=1);

| [offe)

self:FinalState|,

outgoing

self:FinalState

<C
T~
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OCL2GC: Translate OCL Constraints to Graph Constraints

6) prepare
3
Meta-model/ OCL trans
Constraints

3

0

)

(3 simplify (s) simplify )

N\ @ N

late | Compact |complete| Nested Graph
Condition | ™= | Constraints

Graph Constraints

~/

OCL Constraints

context FinalState inv no-outgoing-transitions:

self.outgoing -> isEmpt

y();

jo

context FinalState inv no-outgoing-transitions:

not (self.outgoing -> size()>=1);

| [offe)

self:FinalState|,

outgoing

self:FinalState

OCL constraint (snippet)  Graph pattern (snippet)

context T inv: Y [self:T

v:T
v.b (op) c b (op) c
v.role Hlﬁ e T
(nav1)=>union({nav2)) tr({navl)) Vv tr({nav2))
(nav)->size() >= n (v L ve'T) AL tr({nav(v)))))

<C
T~
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var27:Transition

)

OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions 23



OCL2GC: Translate OCL Constraints to Graph Constraints

Meta-model

\

S
=

OCL Constraints

\J

context FinalState inv no-outgoing-transitions:
self.outgoing -> isEmpty();

context FinalState inv no-outgoing-transitions:
not (self.outgoing -> size()>=1);

self:FinalState

3

self:FinalState

outgoing

<C
T~

Nebras Nassar et al.

outgoing

6) prepare (3) simplify ©) simplify )
) 7 N\ @ 7
OCL translate | Compact |complete Nested Graph
Constraints | ™ === | Condition | =~ | Constraints _
/ Graph Constraints
jo
lo:e
4 (UJ < |self:FinalState],
var27:TranSition)) b (self:FinalState < [self:FinalState

true))

OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions
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GC2AC: Integrate Graph Constraints as Left Application Conditions

-
(S
&
@

Greph Conserint ( regr 4 i>
Integrator, -
B / A
A pdated Henshin Rule

(1)prepare N\
— e @ @ F ute |
Graph Constraint Graph shift left
mmmmp | Henshin Rule,| )
5 e f Constraint e

e rac.

3 BN

15hin Rule ’:>‘ P ‘

u Updated
(@) simplify J

Henshin Rule

Henshin Rule

= Graph constraint (no-outgoing-transitions)
v (@ s |self:FinalStateL

3 (lself:FinalState‘ — self:FinalState|—"*"*—lvar27: Transition|,
true))

Henshin rule (insert_outgoing_transition)

rv:Vertex

— — 2

=}
o

‘rt:Transit ion‘ ‘rt:Transition‘ ‘rt:Transition‘

Nebras Nassar et al.

OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions 25



o

GC2AC: Integrate Graph Constraints as Left Application Conditions 'l

/
o,
oreph Constrint ( regr 4 i>
Integrator, -
B / A
A pdated Henshin Rule

I-” Henshin Rule
&% /[ (1)prepare
@ 1::\\ h @ @ I:}Rute |
Graph Constraint > shift . left . AN
/; Graph === | Henshin Rule. ===y ~Henshin Rule E/
e & Constraint fae lac A B
NG @Slmp“fy J Henshin Rule

Henshin Rule

= Graph constraint
v (@ — |self:FinalStateL

3 (lself:FinalState‘ — self:FinalState|—"*"*—lvar27: Transition|,
true))

Shift: For considering all possible ways in which a graph
constraint could be satisfied after rule application

= Right application condition (RAC)

= Henshin rule (insert_outgoing_transition)

rv:Vertex

o
03

= —

I

‘rt:T‘ransit ion‘ ‘rt:T‘ransition‘ ‘rt:Transition‘
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GC2AC: Integrate Graph Constraints as Left Application Conditions o =3

Graph Constra t\a Ge2AC g>
(Integrator)

A
~ B Updated Henshin Rule
“ ’/’ Henshin Rule
%o /(1)prepare
(c ) \ %t @t |:} Rule |
Graph Constraint shi e
Graph === | Henshin Rule. ===y ~Henshin Rule i> e
S f Constraint A B
o rac lac
A - . U . Updated
\ @Slmphfy J Henshin Rule

Henshin Rule

= Graph constraint
v ((B — |self:FinalStateL

3 (lself:FinalState‘ — self:FinalState|—"*"*—lvar27: Transition|,
true))

Shift: For considering all possible ways in which a graph
constraint could be satisfied after rule application

" Right applicati dition (RAC
overlapping the RHS ight application condition (RAC)

] along graph constraint
= Henshin rule

£

rv:Vertex

‘rt:Transit ion‘ ‘rt:Transition‘ ‘rt:Transition‘
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GC2AC: Integrate Graph Constraints as Left Application Conditions
Graph Consraine S| GC2AC
e it
~ Updated Henshin Rule
- ),,,.- Henshin Rule
o /(1)prepare

|:} Rule |

&) N @ @
Graph Constraint Graph | shift : ety Henshin Rule i>‘ ‘AAk |

| HenshinRule )
5

Bae ) / Constraint o lac
AA | N7 | Updated
- \ @Slmp“fy J Henshin Rule

Henshin Rule

Shift: For considering all possible ways in which a graph

= Graph constraint
constraint could be satisfied after rule application

v (@ s |self:FinalStateL

3 (lself:FinalState‘ — self:FinalState|—"*"*—lvar27: Transition|,
true))

= Right application condition (RAC)
overlapping the RHS _

pp g . ( |S()1f=rv:FinalStatc‘ ‘S(!IfZI"VIFiIl%llSt&ltO}w’hf&FQ’?ZTI'E‘LI]SitiOIl Selfzrv:FinalStato‘
along graph constraint

v 3 g

®

Surofino
L
Furodino

= Henshin rule 3

£

var27=rt: Transition

\ rt:Transition
A
( rv:Vertex rv:Vertex \ \

rv:Vertex

Furodino

Oty
<0
g V3

outgoir ey
lrv: Vertex ™ Sfvar27=rt: Transition]

‘rt:Transition‘

‘rt:Transit ion‘ ‘rt:Transition‘

—d rt:Transition|’ 3
\ self:FinalState

OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions

O ar2 7 Transition| }
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-3

-3

Henshin Rule

Inverse rule (delete-outgoing-transition)

rv:Vertex rv:Vertex

rv:Vertex

FAuodino

4

g

‘rt:Tra;lsition‘

‘rt:Transition‘ ‘rt:Transition‘

Right application condition (RAC)

‘sclfzrv:FinalSt-atc‘

self=rv:FinalState}*"var27: Transition

rt:Transition
rv:Vertex

g
=
<

rt:Transition| ’ 3
self:FinalState)

=

z v3

=

rt:Transition

GC2AC: Integrate Graph Constraints as Left Application Conditions

(1)prepare

Graph

S
/7 Constraint

shift

left
mmmmmp | Henshin RuIepJ\l:> enshin Rule

\

i<

h Constraint

Grapl
[ e

[ —

[ 6c2ac :> P
/ (Integrator) ~ B

Een
~

Henshin Rule

‘rac ..

-------- @va J/

self=rv:FinalState|

=3
72

0=

‘var27:1't.:Transition

rv:Vertex

‘I‘VI Vertex outgoin,

Nebras Nassar et al.

e varQ?:Trmsition‘

Updated

Henshin Rule
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GC2AC: Integrate Graph Constraints as Left Application Conditions

-3

-3

Henshin Rule

(1)prepare
i
Graph shift
Constraint

\

left
Henshin RuIepJ\l:> enshin Rule
‘rac ..

C
(4)simplify

Updated

/ Henshin Rule

Inverse rule (delete-outgoing-transition)

rv:Vertex

FAuodjne

4

rv:Vertex

g

rv:Vertex

‘rt:Tra;lsition‘

‘rt:Transition‘

‘rt:Transition‘

@ Apply it along RAC

Right application condition (RAC)

‘sclfzrv:FinalSt-atc‘

i3
rt:Transition
rv:Vertex

3
&
2

rt:Transition| ’ 3
self:FinalState)

=
i

=

rt:Transition

self=rv:FinalState}*"var27: Transition

‘I‘VI Vertex outgoin,
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lefting

self=rv:FinalState|

v H

0=

‘var27:1't.:Transition

rv:Vertex

e varQ?:Trmsition‘

-3

N

i<

Een
~

Henshin Rule

= Left application condition (LAC = AC)

[rv: FinalStat el

- outgoing .
|1‘\-': FinalState |—’|var2? Transition

|1't:T1'ausition|

|rt:Transiti011|

3
self:FinalState

rv:Vertex

|self : Fina.lState}m’lrt : Transiti011|

=

=

OCL2AC: Automatic Translation of OCL Constraints to Graph Constraints and Application Conditions

rv:FinalState

rt: Transition
rv:Vertex

p
Graph Constraint \3 GC2AC :>
- / (Integrator) ~ B

Updated Henshin Rule

|self :FinalSt atelw’lvarﬁ'{' ‘Transition
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GC2AC: Integrate Graph Constraints as Left Application Conditions

-3

-3

Henshin Rule

(1)prepare
i
Graph shift
Constraint

\

left
Henshin RuIepJ\l:> enshin Rule
‘rac ..

C
(4)simplify

Updated

/ Henshin Rule

Inverse rule (delete-outgoing-transition)

rv:Vertex

FAuodjne

4

rv:Vertex

g

rv:Vertex

‘rt:Tra;lsition‘

‘rt:Transition‘

‘rt:Transition‘

@ Apply it along RAC

Right application condition (RAC)

‘sclfzrv:FinalSt-atc‘

i3
rt:Transition
rv:Vertex

3
&
2

rt:Transition| ’ 3
self:FinalState)

=
i

=

rt:Transition

self=rv:FinalState}*"var27: Transition

‘I‘VI Vertex outgoin,
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lefting

self=rv:FinalState|

v H

0=

‘var27:1't.:Transition

rv:Vertex

e varQ?:Trmsition‘

-3

N

i<

Een
~

Henshin Rule

= Left application condition (LAC = AC)

[rv: FinalStat el

- outgoing .
|1‘\-': FinalState |—’|var2? Transition

|1't:T1'ausition|

|rt:Transiti011|

3
self:FinalState

rv:Vertex

|self : Fina.lState}m’lrt : Transiti011|

=

=
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rv:FinalState

rt: Transition
rv:Vertex

p
Graph Constraint \3 GC2AC :>
- / (Integrator) ~ B

Updated Henshin Rule

|self :FinalSt atelw’lvarﬁ'{' ‘Transition
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GC2AC: Integrate Graph Constraints as Left Application Conditions

O,

Fe

Graph Constraint

= Rule

A
» Il

Henshin Rule

S

(1)prepare
N

Graph
Constraint

@) r— Rule insert_outgoing_transition

left
Henshin Rule.| mummmp WHenshin Rule |:> T
trae,/lac u

@va

rv:Vertex

> —

Updated

Henshin Rule
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Fulodino

‘rt:Transition‘ ‘rt:Transition‘ ‘rt:Transition‘

+

Left application condition (LAC or AC)

rv:FinalState

[rv: FinalStatel |1'\-': Fin alState}LmﬁmQT:Transit ion

-3 = v 3

|1‘t ‘Transit '1011| |rt : Transiti011| rt: Transition

3| [FrTramsion 3 v
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GC2AC: Integrate Graph Constraints as Left Application Conditions
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Future Work: Simplifications of Application Conditions
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Future Work: Simplifications of Application Conditions
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Future Work: Simplifications of Application Conditions
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Future Work: Simplifications of Application Conditions
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Demo

Nebras Nassar et al.

Demo
https://www.youtube.com/watch?v=75gXZbolVVg
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https://www.youtube.com/watch?v=75qXZboIVVg

TOOIing: WEbpage OCL2ZAC Tool \*

i) @ https://ocl2ac.github.io/home
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OCL2AC

OCL2AC
Automatic Translation of OCL Constraints to Graph
Constraints and Application Conditions for Transformation

Webpage on GitHub: https://ocl2ac.qgithub.io/home/

Rules
= |nstallation
= Getting Started
= Relevant Meta-models instalation
Rl‘““gm”j” N OCL2AC Tool

Contact Us OCL2AC is a tool based on the Eclipse Modeling Framework (EMF) and consists of two main components:

(1) OCL2GC translates OCL constraints into a set of semantically equivalent (nested) graph constraints
(2) GC2AC integrates graph constraints as application conditions into transformation rules.

Each component can be used independently as an Eclipse-based tool.
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Conclusion OCL2AC webpage on GitHub:

https://ocl2ac.qgithub.io/home/

L OCL2AC automatically updates model transformations to
preserve a given set of constraints

Two main components as Eclipse plugins: OCL constraints
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