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Domain-Specific Modelling

Modelling of complex systems for domain users

* Familiar domain concepts (reduces cognitive gap)

* Incorporate domain constraints (maximally constrain)
Precisely defined (semantics) models

Example: elevator system model in an Elevator DSL
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Modelling Language Engineering

Meta-modeling Model Transformation
(to specify language abstract syntax) (to specify language semantics)
2.1 Floor | requests 1 Button
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Rule-Based Transformation (rule)

Rule: changeToUp
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Rule-Based Transformation (rule)

OPEN_DOOR
LHS
1

3
N
?4 ]

CONDITION:
if type(<1>) == UpButton:
return <3>.going_up
elif type(<1>) == DownButton;
return !<3>.going_up
return True

ACTION:
pass




Rule-Based Transformation (schedule)
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Properties for DSMLs: State of the Art
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State of the Art: Architecture

— user-defined model
] generated model

—> automatic transformation

E —> (IR Daemmaish
a —> N FAAEmThLEDh
. ---> {aneaedsvel)
threeFloors
1 DSM
Formal methods
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reachesFloor.ltl—>{threeFloors.pml 3 2| Trace.txt
2
< 3
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Properties for DSMLs: Property DSML

:

property: ReachesFloor
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Verification Support for DSMLs

- DSML Definition
- Abstract syntax PrOMOBOX fOr

- C Language
- Annotations | Engineer

- Verification DSML
- Tool Support

- System at Initial State PrO M OBOX for

- Property .
- Annotated|DSML Definition Domain User

- Verification Result




% user-defined model
generated model
Pu” up to DSL Level =—> automatic transformation
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5 related languages

A4

reachesFloor.ltl

—>

threeFloors.pml

- user-defined model
] generated model

—> automatic transformation
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Property language

A4

property: ReachesFloor

. ,
for all wemmm after
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[ user-defined model
] generated model

—> automatic transformation

Design language —> L)
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- user-defined model
] generated model

—> automatic transformation

Input language —> (R Rarm
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[ user-defined model
] generated model

—> automatic transformation
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- user-defined model
] generated model

=—> automatic transformation
—> (IR Daemmaish

Trace language e

i
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Synthesize 5 languages
from one Annotated DSML specification

[ user-defined model
] generated model

—> automatic transformation
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Annotated metamodel

0.1
nexk Floor [* requests 1 Button
=1 nr:int 1 <<rt== <=gv=>=pressed : boolean
1 elevator_button T
<<rt=> currentfloor
& % ElevatorButton FloorButton
Elevator J?L
<<rt==doors_open : boolean | |
<<rt==going_up : boolean UpButton DownButton

Annotation Design Runtime Output Property
<<rt>> X X X
<kev>> X
<<tr>> X X X X X




Structural
Patterns

DSL-specific
Elements

- |_

<<gnumeration=>
a3 Quantifier
_ —
i forall
Specification 1 QuantifiedPattern exists
names : String quantifier : Quantifier
TemporalPattern
| \
Absence Existence BoundedExistence
| | Universality el
Globally | | LowerBounded | |UpperBounded |
T OrderadTemporalPattorn
— | | T
Between AfterUntil
Response Precedence »
L] /
StructuralPattern
name : String 1 \
condition : Condition = return True | 1
1 dynamic : boolean
’_) | | l | - ModelElement
UnaryPattern BinaryPattern AtomicPattern label - String
.T. ,?. cendition : Condition = return True
[ I ]

HotPattern AndPattern | |OrPattern | |ImpliesPattern

Floor

requests

0.1

nr : Condition = return True

0.1
currentfloor

x

elevator button 0.1

Button

pre==sed : Condition = return True

)
I |

. ElevatorButton

Elevator

FloorButton

doors_open : Condition = return True
going_up : Condition = return True

e ——————

— T

UpButton DownButton

—

Quantification

Matthew B. Dwyer, George
S. Avrunin, James C.
Corbett. Patterns in
Property Specifications for
Finite-State Verification.
ICSE 1999: 411-420

Temporal
Patterns
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<<gnumeration=>
Quantifier
e IF.
i forAll
Specification 1 QuantifiedPattern exists
names : String quantifier : Quantifier
TemporalPattern
— . / I ‘?. I \
op Absence Existence BoundedExistence
| | | Universality n : Integer
Globally | | LowerBounded | |UpperBounded |
T ‘?_ Orderad’]
71 ] _
Between AfterUntil | |Before
Respon
L]
StructuralPattern

narme : String

’ condition : Condition = return True | 1

T

Fd'_.rnamic : boolean
I I

f

o
forall <aue after @

f
e

eventually A
™~

- |_

| - ModelElement
UnaryPattern BinaryPattern AtomicPattern e label : String
.T. .?. cendition : Condition = return True
[ I ]
HotPattern AndPattern | |OrPattern | |ImpliesPattern

Floor

e requests 0.1

nr : Condition = return True

Button

elevator button 0.1

0.1
currentfloor

k]

pre==sed : Condition = return True

)
I |

Elevator

doors_open : Condition = return True
going_up : Condition = return True

e ——————

. ElevatorButton FloorButton
UpButton DownButton

—




Annotated Operational Semantics

”@ penDoor. up changeToDown ) ,(movaUp
\/ \V V
(openDoor_down changeToUp ) (moveUp_last
Vi Vi
@I]ose@or ) (movaDown

AL

(movaown_l]asﬂ:

&

Specify:
- Input step: when can an input event occur?
-  Output step: what does a trace look like?



MOVEUP_schedule:

if
:: (success == 1) -> // when successful
rule = moveup_;
nextrule = environmentstepl_;
goto OUTPUT;
:: else -> // when not applicable
nextrule = moveup_last_;
goto NEXTSTEP;
fi;
CLOSEDOOR_schedule:
if
:: (success == 1) -> // when successful
rule = closedoor_;
nextrule = environmentstepl_;
goto OUTPUT;
: else -> // when not applicable
nextrule = moveup_;
goto NEXTSTEP;
fi;
ENVIRONMENTSTEP2_schedule:
if
:: (success == 1) -> // when successful
rule = environmentstep2_;
e toa) nextrule = opendoor_up_;
ﬁ thon goto OUTPUT;
vt AN pg :: else -> // when not applicable
ieiiél:ﬂ)uhc . nextrule = environmentstep2_;
subclasses = [clazz] + self.mm.subclasseslclazz] goto NEXTSTEP;
£.NAME, sc) for sc in subclasses] 'Fi;
ENVIRONMENTSTEP1_schedule:
if
fjzes co ubios o ool mmiairibuses o) o o in subel i (success == 1) -> // when successful
name = attr[self.nm.ATTRNAME] . rule = environmentstepl_;
cardinalities_placeholder = ""§"$%. % (gethAttr(self.NAME, clazz
self.writeln ;" & (type, mame, cardinalities placeholder)) nextrule = opendoor_up_;
Subli R goto OUTPUT;
ink["di :: else -> // when not applicable
=" & (link[
= placeholder 5" % (clazz, name) nextrule = opendoor_up_;
ot e s or & (mame, carainaiivios piasenod goto NEXTSTEP;
0.1 self.dec() fi;
HEXE Floor |2 requests 1 Button i MOVEUP:
=1 lor :int 1 |=<rt== <<gy==pressed : boolsan # compiles metamodel: creates typedefs that kind of serve as metamodel (leav success = 9;
1 elevator_button e ool // looking for node elevator5 type Elevator, Elevator from None by
sertex currentfioor - aelf metamodel .clear () // looking for node floorl type Floor, Floor from elevator5 by foll
seifm | tmRssl) // looking for node floor2 type Floor, Floor from floorl by followi
* * eTE wratain (7 ke bbb ) // looking for node button3 type Button, Button from None by follow
Elevator 7 e T e // looking for node floor@ type Floor, Floor from button3 by follow
<<rt==doors_open : boolean sl elevator5 = @; // this is the only Elevator so index must be @
<<rt==going_up : boolean |UpE\ut‘lon| |DownButlon| . button3_max = 7;
Generlc Code button3_index_map[@] = ©;
button3_index_map[1] = 1;
button3_index_map[2] = 2;
generator button3_index_map[3] = 3;
button3_index_map[4] = 4;
button3_index_map[5] = 5;
button3_index_map[6] = 6;

do
it ((elevator5 >= @) && (s.elevator_[elevator5]._ subtype == Elevat
(r.elevator_[elevator5].going_up == 1) && r.elevator_[elevator5].curren

- - . (s.floor_[r.elevator_[elevator5].currentfloor_out]._ subtype == FloorTy
O tl m I Zatl O n S l (s.floor_[r.elevator_[elevator5].currentfloor_out].next_out != r.elevat
p . (s.floor_[s.floor_[r.elevator_[elevator5].currentfloor_out].next_out]._

o

it ((button3_max > @) && (button3_index_map[@] >= @) && (s.button

Ca n u se Va | ua b | e Syste m- a nd s.button_[button3_index_map[@]].__subtype == DownButtonType || s.button
(r.button_[button3_index_map[@]].pressed == 1) & & (elevator5 >= 0) && (

°C* . . (r.elevator_[elevator5].doors_open == 0) && (r.elevator_[elevator5].goi

p ro p e rty-s peCIﬁ C I nfo rm atl O n (r.elevator_[elevator5].currentfloor_out >= 0) && (s.floor_[r.elevator_
(s.floor_[r.elevator_[elevator5].currentfloor_out].next_out >= @) & (s

r.elevator_[elevator5].currentfloor_out) & & (s.floor_[s.floor_[r.elevat

(s.button_[button3_index_map[@]].requests_out >= @) & (s.button_[butto

s.floor_[r.elevator_[elevator5].currentfloor_out].next_out) & (s.butto

r.elevator_[elevator5].currentfloor_out) & & (s.floor_[s.button_[button3

(s.floor_[s.button_[button3_index_map[@]].requests_out].nr > s.floor_[r

:: ((button3_max > 1) && (button3_index_map[1] >= @) && (s.button



DSM implementation
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Evaluation (modelling effort)

In comparison with existing approaches:

Approach 1: no DSML for properties is available. Instead, properties are directly modelled in logic, but there
is @ mapping to a formal language

Approach 2: a DSML for properties is created including a mapping to a verification backbone, but no
counterexample parsing is supported

Approach 3: a DSML for properties is created including a mapping to and counterexample parsing from a
verification backbone. This is in fact the only approach that offers the same functionality as ProMoBox
Effort: Size Effort: Complexity

T
[ Approach 0
I Approach 1
Il Approach 2
Il Approach 3
Il ProMoBox [

T
I Approach 0
I Approach 1[4
Il Approach 2
Il Approach 3
Il ProMoBox 15

Elevator GISMO Elevator GISMO Elevator GISMO Elevator GISMO
Model Size Model Size Code Size Code Size Model Complexity Model Complexity Code Complexity Code Complexity

case case
metric metric



Evaluation (model checking performance)

Elevator case study, in comparison with an adapted elevator
implementation from the literature [merz08]

Comparison
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test case (#buttons. #floors)

[merz08] Stephan Merz. An introduction to model checking. In Stephan Merz and Nicolas Navet, editors, Modeling
and Verification of Real-Time Systems - Formalisms and Software Tools, pages 81-116. ISTE Publishing, 2008.
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Testing in DSM?
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Test Support for DSMLs

- DSML Definition
© Abstract syntax ProMoBox for

- C Language
- Annotations | Engineer

DSML
nented op. sem.

- System at Initial State ProMoBox for

- Test Result
- Instrumented op. sem. Domain User




Test case in Testing models in a DSML
(caveat: not testing the DSML)

ASSERT
:
I

Can also be used for runtime monitoring (~ trace-matches)

OpeningDoors

Inspired by unit testing
Domain-specific syntax
Includes oracle




Testing DSML (generated)

TesiEngine |1 running * RunningTestCase <<enumeration::
testcase : String ets
ext status : Status inprogress
phase : Integer failed
TestCase 0. 1 0.. steps_spent : Integer [0..1] passed
r— ..1__immNext |time_spent : Integer [0..1] B
name : String[{ nodes notexecuted
ﬁl—l 0.1
Event onTimeOut LivelockResolution
pattern 0.
1 % ‘? ‘
Pattern :
Asse When Timeout StepTimeout
condition : Condition = Condition(™
7 ‘l}‘ = seconds : Integer = 10| |steps : Integer = 100
* | | 0.1 qe PatternElement
UnaryPattern || BinaryPattern | | AtomicPattern Sarmanits|; d - String
?' ‘? label : String
[ T 1 condition : Condition = Condition(™
Qi o AndPattern | |OrPattern | |ImpliesPattern T
0.1 I
. 5 . Button
nex Floor {ﬂ_) requests _ _ _
0.1 |nr: Condition = Condition("" elevator button pressed : Condition = Condition(

él}.

0.1
currentfloor - | |
. 0.1 ElevatorButton FloorButton
Elevator i
doors_open : Condition = Condition(™"
going_up : Condition = Condition("") UpButton DownButton




Instrumented Operational Semantics (generated)

ProgressTestCase

(createTestEngine : (Phﬂmm_ )
: : Y

(hmuuTu:; (Phesetevent )

: (Phasozinc )
=% )
(o () |

Y :
- )
(erasstaros ) |
Y }
Y v g:;

(Quir




Test Case Execution

OpeningDoors

Max=100 ’

ProgressTestCase changeToUp

Testcase
Passed!



Architecture of the Approach

[E==1] user-defined metamodel
[C—1 generated metamodel

[ ] generated instance model
[ ] user-defined instance model
> ¢generated transformation
> user-defined transformation
& transformation (language level)

——3p input/output (language level)

— input/output
=== conforms to

[ E

_____’_I

trace




Conclusion

Definition of family of five related domain-specific sublanguages
* Generative approach

" Language generation

" Generic compiler

Insight in and support for various tasks, e.g.,

= Simulation

" Model checking

= Test case generation
Future Work: Test Case Generation(with good coverage) from properties
Future Work: Application to Design Space Exploration

" Generate a language for specifying DSE optimization rules

= Generate tool support



References

. Bart Meyers, Hans Vangheluwe, Joachim Denil, Rick Salay. A Framework for Temporal Verification Support in
Domain-Specific Modelling. IEEE Trans. Software Eng. 46(4): 362-404 (2020).

. Bart Meyers, Romuald Deshayes, Levi Lucio, Eugene Syriani, Manuel Wimmer and Hans Vangheluwe. ProMoBox:
A Framework for Generating Domain-Specific Property Languages. In "Proceedings of the 7th International
Conference on Software Languages Engineering (SLE 2014)", Lecture Notes on Computer Science, vol. 8706, p. 1-
20, 2014.

. Bart Meyers, Joachim Denil, Istvan David, and Hans Vangheluwe. Automated Testing Support for Reactive
Domain-Specific Modelling Languages. In "Proceedings of the 2016 ACM SIGPLAN International Conference on
Software Language Engineering". ACM digital library, p. 181-194, 2016.

. Bart Meyers, Manuel Wimmer, and Hans Vangheluwe. Towards Domain-specific Property Languages: The
ProMoBox Approach. In "Proceedings of the 2013 ACM Workshop on Domain-specific Modeling", p. 39-44, ACM
New York, NY, USA, 2013.

. Romuald Deshayes, Bart Meyers, Tom Mens and Hans Vangheluwe. ProMoBox in Practice : A Case Study on the
GISMO Domain-Specific Modelling Language. In "Proceedings of the 8th Workshop on Multi-Paradigm Modeling
(MPM 2014)", CEUR Workshop Proceedings, vol. 1237, p. 21-30, 2014.UR Workshop Proceedings, vol. 1321, p. 1-
8,2014.






	Slide 1
	Slide 2
	Slide 3
	Intro: Domain-Specific Modelling
	Intro: Language Engineering
	Intro: Rule-Based Transformation
	Slide 7
	Intro: Rule-Based Transformation
	Properties for DSMLs: State of the Art
	State of the Art: Architecture
	Properties for DSMLs: Property DSML
	Verification Support for DSMLs
	Pull up to DS Level
	Slide34
	Five Sublanguages
	Property Sublanguage
	Design Sublanguage
	Input Sublanguage
	Runtime Sublanguage
	Trace Sublanguage
	Generate from one Annotated DSML Definition
	Annotated metamodel
	Ep
	Slide 24
	Ep
	Annotated Operational Semantics
	Slide 27
	DSM implementation
	Evaluation (modelling effort)
	Evaluation (model checking performance)
	Slide 31
	Testing in DSM?
	Test Support for DSMLs
	Test case in Testing DSML
	Testing DSML (generated)
	Instrumented Operational Semantics (generated)
	Test Case Execution
	Architecture of the Approach
	Conclusion
	References
	Slide 41

