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Continuously Changing Models

Models:

— Analyze
Here: search for refactoring candidates

— Modify 1 ?*

Here: apply refactoring

iith JastAdd
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Continuously Changing Models

Analyze

Models:
— Analyze
Here: search for refactoring candidates

— Modify
Here: apply refactoring

Models at runtime:
— Analyze incrementally
— Modify continuously
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Reference Attribute Grammars as Models

Our approach:
Reference Attribute Grammars (RAGs)

— Structure: context-free grammar
— Analysis: attributes

— Refactoring: tree edits

— We use: JastAdd

RAGs for modelling offer:
— Shorthands for
navigation and computation on trees
— Efficiency through memoization
— Incremental evaluation
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Reference Attribute Grammars as Models

Analyze
Our approach:
Reference Attribute Grammars (RAGs)

— Structure: context-free grammar
— Analysis: attributes

— Refactoring: tree edits

— We use: JastAdd

RAGs for modelling offer:

— Shorthands for

navigation and computation on trees
— Efficiency through memoization
— Incremental evaluation
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Model-Grammar Mismatch

Relations are different:
— In models:

- Containment relations form overlay tree
- Non-containment relations
- Bidirectional relations

— In grammars:
- Containment references: AST

- Non-containment references .
- Bidirectional references } Relational RAGs
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Models vs Relational RAGs
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Metamodels and Grammars

E RailwayContainer

Abstract grammar (JastAdd syntax)

RailwayContainer Route* Regionx;
[0..4] regions abstract RailwayElement ::= <Id:int>;

B sensor [0..] sensors £ Region Region : RailwayElement TrackElementx Sensorx;

[0..#] routes

© active : EBoolean

Semaphore : RailwayElement ::= <Signal:Signal>;

Route : RailwayElement ::= <Active:boolean> SwitchPosition#;
SwitchPosition : RailwayElement ::= <Position:Position>;
Sensor : RailwayElement;

abstract TrackElement:RailwayElement;

Segment : TrackElement <Length:int> Semaphorex;

Switch : TrackElement ::= <CurrentPosition:Position>;

route [0..*] elements
E Trackelement

E switchPosition [ [ switch ] [ [ Segment }

l © currentPosition : Position J l\_ length : Elnt J

[l semaphore  |0..#] semaphores

[0..*] follows
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Metamodels and Grammars

E RailwayContainer

[0..*] routes

= active : EBoolean

[0..*] regions

[2..#] requires & sensor J[u..*l sensors I E Region J

route 10..4] monitoredBy 10.4] elements
E TrackElement |[0.*] connectsTo
[0..#] monitors _.
i
[0..#] follows

E Switchposition o -1 Positions  target £ switch ] [ [ segment ]

© position : Position [ © currentPosition : Position J I © length : EInt J

[0..1] exit
I semaphore  0..+] semaphores
[0..1] entry | © signal : Signal

TECHNISCHE Reference Attribute G
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Abstract grammar (JastAdd syntax)

RailwayContainer

abstract RailwayElement ::
Region : RailwayElement :
Semaphore : RailwayElement ::
Route : RailwayElement :

SwitchPosition :

Sensor : RailwayElement;

abstract TrackElement:RailwayElement;
Segment : TrackElement
Switch : TrackElement :

TrackElement* Sensorx;

<Length:int> Semaphorex;
:= <CurrentPosition:Position>;

:= <Active:boolean> SwitchPositionx;
<Position:Position>;

How to capture non-containment relations?
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Handling Non-containment Relations in RAGs

Approach 1: Name analysis

— Unique identifier 1d for each object
— Non-containment relations as Id uses
— Resolve with name analysis attributes

Approach 2: Explicit intrinsic reference attributes
— Store references as (Java) object references
— Resolve during model loading
Problem: Bidirectional relations:

— Either use collection attributes to reverse references (slow!)
— Or two unidirectional relations (risk of inconsistency!)
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©

Non-Containment Relations in Detail

Non-Containment References

Cardinality

— 1 :1

— 1 : {0..1%}
— 1 :N

Bidirectional References

RailwayContainer

lSwitchPositionl [Sensorl

[Segment l l Switch l

l Segment] lSegmentl

Semaphore
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©

Non-Containment Relations in Detail

Non-Containment References:
— In RAGs: typed reference nodes: [r]

RailwayContainer

Cardinality:
— 1 :1

— 1 : {0..1}
— 1 :N

In RAGs: optional [0] and list nodes:

Bidirectional References

~ X
[Segment l b ‘*{ Switch l
~N

[Segmentl lSegmentl
x

e

E'/

 ~[aor]
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Non-Containment Relations in Detail

Non-Containment References:
— In RAGS: typed reference nodes:
” "
Cardinality:
— 1 :1
— 1. {0 '.]} Sw1tchP051t10n [Sensorh—‘ ﬂ

— 1 :N \I\.\

— In RAGS: optional [o] and list nodes:

[Segment l *{ Switch l l Segment] lSegmentl
Bidirectional References:
— In RAGS:
One direction in grammar,

the other in grammar or attribute
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Solution: Relational RAGs

E RailwayContainer

Abstract grammar

RailwayContainer Route* Regionx;
[0..%] routes [0..%] regions abstract RailwayElement ::= <Id:int>;
 Route [ E sensor ][0__,‘159,\50,5[ E Region ] Region : RailwayElement ::= TrackElement* Sensorx;
= active : EBoolean l I I ] Semaphore : RailwayElement ::= <Signal:Signal>;
Route : RailwayElement ::= <Active:boolean>
route 0] elements SwitchPositionx;
SwitchPosition : RailwayElement ::= <Position:Position>;
.
Sensor : RailwayElement;
_ abstract TrackElement:RailwayElement;
Segment : TrackElement ::= <Length:int> Semaphorex;
[0..#] follows Switch : TrackElement ::= <CurrentPosition:Position>;
! switchposition [ E switch ] [ £ segment ]

© position : Position [ © currentPosition : Position | [ © length : EInt |

EE semaphore (0. ] semaphores
© signal : Signal

Reference Attri JastAdd
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Solution: Relational RAGs

Abstract grammar

RailwayContainer

E RailwayContainer

Route* Region%*;

[0..#] routes [0..#] regions abstract RailwayElement ::= <Id:int>;
£ Route (2.1 requires [ E Sensor ]lo ‘*]Sensms‘[ E Region ] Region : RailwayElement ::= TrackElementx Sensorx;
= active  EBoolean - rea J Semaphore : RailwayElement ::= <Signal:Signal>;
- Route : RailwayElement ::= <Active:boolean>
route [0.%] [0.] elements Y SwitchPosition;
m_ﬂmnnmm Sw1tchP051t%on : RailwayElement ::= <Position:Position>;
Sensor : RailwayElement;
. ’
10.#] monitors _. abstract TrackElement:RailwayElement;
Segment : TrackElement ::= <Length:int> Semaphorex;
[0..*] follows 0. Switch : TrackElement ::= <CurrentPosition:Position>;
- - 0..#] positions ~ target .
£ SwitchPosition E switch ] [ E segment ] . . .
lucurremPosmon:PosmonJ l\_ length : EInt J EXtendIng RAGS Wlth relatlons
rel Route.requiresx -> Sensor;
[0..1] exit rel Route.entry? -> Semaphore;
[ semaphore  |(0_+] semaphores rel Route.exit? -> Semaphore;
(0.1 entry [ = signal: Signal | rel SwitchPosition.target <-> Switch.positionsx;

rel Sensor.monitors* <-> TrackElement.monitoredByx;
rel TrackElement.connectsTox -> TrackElement;
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Solution: Relational RAGs

E RailwayContainer

Modifying relations

public java.util.List<TrackElement> Sensor.getMonitors() {

[0.#] routes [0..#] regions return Collections.unmodifiablelList(get_impl_monitors());
(] Route 2.1 requires [ E sensor ]Lo *] sensors‘[ E Region ]
= active  EBoolean - J public void Sensor.addMonitors(TrackElement o) {
oute Y ArraylList<TrackElement> list = get_impl_monitors();
[0.% [0.#] elements ArraylList<Sensor> list2 = o.get_impl_monitoredBy();
list.add(o);
(0.4 comectsto _ i
0. 1montors || Listezadd(this);
set_impl_monitors(list);
o.set_impl_monitoredBy(list2);
[0..#] follows b
£ Switchposition |L0- "1 Positions _ target E Switch ] [ £ Segment ] public void Sensor.removeMonitors(TrackElement o) {
lucurremPosmmn:PosmonJ l\—lenglh:Elnl J ArraylList<TrackElement> list = get_impl_monitors();
if (list.remove(o)) {
[0..1] exit ; ; _ . . )
ArraylList<Sensor> list2 = o.get_impl_monitoredB
£ semaphore  [0..*] semaphores 1ist§ iemove(this)'l get_imp__moni vO;
[0.1]entry | I Signal L h .
i stonal: Stona set_impl_monitors(list);

o.set_impl_monitoredBy(list2);

Add
n, Niklas Fors, Gérel Hedin

bute Grammar

LUND UNIVERSITY

ey
, January 21,

TECHNISCHE
UNIVERSITAT
DRESDEN




Solution: The RelAST Preprocessor

Automatically generates
— Grammar with non-containment relations

— Accessor attributes
— Setter attributes

- Ensuring consistency for bidirectional relations
— Optionally

- Serialization and deserialization methods

- Parsing support for non-containment relations

Attribute.jrag I
Relast- | GenGrammar.ast \d :
_—>_Grammar. relast >(jast/\dd)—»| ClassA.java

| GenRelation. jadd
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Extension: Serialization and Deserialization

Problem:

— Intrinsic relations must be resolved during
parsing before the computed attributes are
evaluated

Solution: (De-)Serialization Component

— Generate (de-)serialization components that
handle this automatically

— Result: problem-specific JSON notation

TECHNISCHE
UNIVERSITAT
DRESDEN

1ann, Niklas Fors, Gorel Hedin 13719

Generated JSON
{
"type"”: "Switch"”,
"id”: "15",
"children”: {
"Id": 52,
"CurrentPosition”: "STRAIGHT"
3,
"relations”: {
"connectsTo”: ["201" 1,
"monitoredBy”: ["18", "19", "20", "21",
"22", "23", "24", "25"],
"positions”: [ "14" ]
3
}
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Extension: Ecore to Relational RAGs
Automatically!

[E RailwayContainer

JastAdd Grammar

RailwayContainer ::= Route* Regionx;

[0..*] routes [0..%] regions abstract RailwayElement ::= <Id:int>;
[ Route (2. requires [ Sensor ][o..*]sensnrs_[ E Region ] l;eglon : RéllwéyEleme”t : .TEaCksleme?t“’f Sens?r*;
P — emaphore : RailwayElement ::= <Signal:Signal>;
Route : RailwayElement ::= <Active:boolean>
route [0..#] monitoredBy [0..] elements SwitchPositionx;
= SwitchPosition : RailwayElement ::= <Position:Position>;
B TrackElement |10-7] connectsTo Sensor : RailwayElement;
[0..%) monitors abstract TrackElement:RailwayElement;
Segment : TrackElement <Length:int> Semaphorex;
[0..#] follows [ ] Switch : TrackElement ::= <CurrentPosition:Position>;
B Switchposition |01 Positions _ target E switch ] [ [ Segment ] JaStAdd Relations
l © currentPosition : Position ] [ © length : Elnt ] rel Route.requi ~ .
.requires* -> Sensor;
[0..1] exit rel Route.entry? -> Semaphore;
—jm[o..*] semaphores rel Route.exit? -> Semaphore;

[0..1] entry [ < signal : Signal rel SwitchPosition.target <-> Switch.positionsx;
rel Sensor.monitors* <-> TrackElement.monitoredByx;
rel TrackElement.connectsTo* -> TrackElement;
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Extension: Ecore to Relational RAGs
[ —
Relations in Ecore: I st . S

0.7 | +eAnnotations

+eFactorylnstance

y—‘—\ EFactory !

‘oname String \
]

odetails |

00

(sClass : EClass) ; EObjsct

EC|aSS L e - EDataType, literalValue - Stiing) - ElavaObject
Lr EDataType, ElavaObject) - String

— becomes nonterminal o -

ordered : boolean = true ginstanceClassiarne : String “onsURI - Sting
ounique - boalean = true +sType_| dinstanceClass : ElavaClass ‘onsPrefix - String

! mu |t| p | e | n h e r\ta nce ‘olowarBound : int 51 otV EJaOtiec

oupperBound : int = 1 SyetEClassifier{name : String) : EClassifier

gmany : boolean iginstance(object : EJavaObject) : boolean
orequired  boolean int I § esubpackages
- +ePackage  +eSuperPack
EAtt”bute +oExceptions| 0. T 0.7| +eClassifers g eSuperPackage
\
i

b . | E 1 L EClass [ EDataType
. =
ecome termina ‘ sa0pemion G

0 07 eParameters ointerface - boolean

“+eOperations SisSuperTypeOfisomeClass - EClass) : boolean JAY
int) 1
EReference [+eAlOperations * Sting) EEnumiteal |
‘W\ue int
b hld seAlStructuralFeatures [0.7 ©eContaningClass| | REEnETIPE ! . ‘oms‘an:e EEnumerator
— m | o
ecomes ¢ EStncturalFeaturs eStucturaFeatues +eAlISuperTypes Feliterls | 0
. . . changeable - boolean = true i
- if containment is true il : boolean ERelerEce) < +eAtiibuteType
transi boolean ‘gcontainment : boolean 0. —
. defaultValueLiteral : String container : boolean +eEnum
— becomes relation defauValue - ElavaObject resoheProries - boolean = true =
gunsettable : boolean 0
. . . derived - boolean ¥] S eReforences -
pposite getEEnumLiteral(name : String) - EEnumLiteral
- if containment is true ST or oAt S oLt ) Benomt
& EJavaClass EAttribute 0 +eAttributes

1. various properties S e

https://download.eclipse.org/modeling/emf/enf/javadoc/2.9.0/org/eclipse/enf/ecore/package- summary . html
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https://download.eclipse.org/modeling/emf/emf/javadoc/2.9.0/org/eclipse/emf/ecore/package-summary.html

Refactoring with Relational RAGs

— results based on paper for

Software Language Engineering 2018

[Mey et al,, 2018]

— extended journal version under review
— /L not about refactoring, but very related
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Relational RAGs for (Runtime) Models: An Example Use Case

Running example: Modeling train tracks and routes. i

f SWI:(:P14 ~~~~~~~~~~ ?
position
e |

Entry o Switch T N T Exit

Example model, from [Szérnyas et al., 2017]

Use Case:
— Modeling editor for rail networks

— Continuously find and repair faults

[Szarnyas et al., 2017] Szarnyas, G., Izsé, B., Rath, I., and Varré, D. (2017).
The Train Benchmark: cross-technology performance evaluation of continuous model queries. Software & Systems Modeling, pages 1-29.
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Relational RAGs for (Runtime) Models: An Example Use Case

Running example: Modeling train tracks and routes. i

e
Sef“apho‘

f Sw_i:_chg I ]
position
| 1 | ?

Entry " Switch Exit

Example model, from [Szérnyas et al., 2017]

Use Case:
— Modeling editor for rail networks

— Continuously find and repair faults

[Szarnyas et al., 2017] Széarnyas, G., Izsdé, B., Rath, I., and Varré, D. (2017).
The Train Benchmark: cross-technology performance evaluation of continuous model queries. Software & Systems Modeling, pages 1-29.
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Relational RAGs for (Runtime) Models: An Example Use Case

Running example: Modeling train tracks and routes. i

e
Sef“apho‘

f Sw_i:_chz I ]
position
| 1 | ?

Entry " Switch Exit

Sensor A cumm IRGUTEIZN

Example model, from [Szérnyas et al., 2017]

o
Ll

-

Use Case:
— Modeling editor for rail networks

— Continuously find and repair faults

[Szarnyas et al., 2017] Széarnyas, G., Izsdé, B., Rath, I., and Varré, D. (2017).
The Train Benchmark: cross-technology performance evaluation of continuous model queries. Software & Systems Modeling, pages 1-29.
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Relational RAGs: An Evaluation

We investigated:
1. Usability and Conciseness
- Measure complexity reduction

2. Performance
- Compare the three approaches with model- and graph-based solutions

Use Case:
— lIterative model analysis and transformation with Train Benchmark [Szérnyas et al., 2017]

— Six model queries
— Fault injection and repair transformations for each

[Szarnyas et al., 2017] Széarnyas, G., Izsdé, B., Rath, I., and Varré, D. (2017).
The Train Benchmark: cross-technology performance evaluation of continuous model queries. Software & Systems Modeling, pages 1-29.

with JastAdd ~
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Questions?
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