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Context and Problem: Specifying Causal Connections for models@run.time

«Model-driven enginering reduces complexity during development of self-adaptive systems
Models@run.time enables using models during runtime

. . . « Declarative and concise textual specification
«Connecting models to different external systems involves manual work

v ¢ Similar to a metamodel using [Mey+20]

RQ1 How to send and receive updates of a

runtime model or any part of it to/from an add/refine Computatlons( Structure

revisit structure

external system? | (Grammar)
RQ2 How to manage these updates
automatically and efficiently? revisit structure

% No connections to other systems possible

«/ Declarative specification N (only for simple tokens [Sch+20])

« Efficient execution using incremental evaluation Computation) add/refine Semantics
: > ]
(Attributes) J semantics (Connections)

Solution: Self-Adaptive Systems with JastAdd [HMO03] + Relational RAGs [Mey+20] + RagConnect

\_ puelWWod

Connect Specification (Semantics) Grammar (Structure) AST as model@run.time
receive WorldModelB.MyScene using ParseScene, ConvertScene ;@ WoréSModelB ::= Region* Robot* ExecutedOperation:Operation* <send port Region WorldModelB OtherScene [0] D[ ogicalScene
receive indexed WorldModelB.OtherScene ; [MyScene:Scene] OtherScene:LogicalScenex . name = "A"M
receive Robot.CurrentPosition ; // default mapping used /NextOperation:Operation/ ;@5 >receive port / *
receive indexed with add WorldModelB.ExecutedOperation using Robot ::= <Name:String> <CurrentPosition> ; @4:Next0peration MyScene
ParseCommand, ConvertCommand ; |
send WorldModelB.NextOperation using PrintOperation ;@ PickAndPlace ; —— \\
send Robot.myPosition(String) ; rel PickAndPlace.RobotToExecute? -> Robot ; : Y
d ( < rel PickAndPlace.ObjectToPick -> LogicalMovableObject ; [[; 8\</:Vcnuepdiggggﬁggit:2tni§gggE:&naeries < RobotToExecute PickAndPIace@)l> ‘LogicaIMovabIeObject‘ ‘LogicaIRegion
PrintOperation maps Operation op to byte[] {: rel PickAndPlace.TargetLocation -> DropOfflLocation ; 4D | currentPosition S
byte[] result = op.toProtobufByteArray(); // embedded java _ _ ¢ \\\
07 (resuln o= pully § oredeen): 7 // code for the // som.e. ?f the nonterml.nals shared by .both sites | . > Reachability [0] ObjectToPick .
return result: // mapping content Scene ::= DropOfflLocation* MovableObject* RobotObject* ; S
3 ’ LogicalScene ::= LogicalRegion* LogicalMovableObject* ; | : 4
' Region ::= <Name:String> <LocationNames> ; CanReachObjectOfinterest MovableObject Dro ; LogicalScene
. e " . . pOffLocation
CollaborationZone : DropOffLocation ; ObjectName = "blue2 Name = "blue2
(" R
RagConnect Driver Code
(port) ::= (direction) (options) (target) using (mappings) ; WorldModelB model = new WorldModelB();
model .ragconnectResetEvaluationCounter();
(direction) ::= send | receive model.addOtherScene(new LogicalScene());
: . . . . ) ) for (String topic : config.forB.topicsSceneUpdate) {
(options) ::= € | indexed | with add | indexed with add Attributes (Computation) nodel . connectMyScene (mattUri(topic, config)):
3
(target) ::= (nt-name) syn Operation WorldModelB.getNextOperation() {@ model . connectOtherScene (mqttUri( ., config), 0);
| <nt-name> ) (child-name) if (diffToOperations().getNumChild() == 0) { model . connectNextOperation(mgttUri(config.forB. topicCommand, config), fa se);@
| (nt-name) . (attr-name) ( (type-name) ) return errorNoOperationComputed(); model . connectExecutedOperation(mgttUri(config.forB.topicCommand, config));
' )
_ _ _ _ for (Operation op : diffToOperations()) { antAdd b
(mappmgs) = (mappmg—name> ’ (mappmgs) | (mappmg—name> Robot executingRobot = op.getRobotToExecute();
_ - if (lop.isErrorOperation()) { uses
(mappmg) T _ if (op.equals(lastOperationFor(executingRobot))) {
(mapping-name) maps (type-use) (ident) to return errorDuplicateOperation();
(type-use) {: (mapping-content) :} 1
TR G2 Generated Code
(type-use) ::= (type-name) | (array-type-name) ] } } LOC of all Case Studies
: . &
Support for Different Parts of the Grammar Using Send return errorNoExecutableOperation(); @& X RS
. 3 ) &
and Receive Ports. Legend: @ Full support, © Partly (/q;& &,"O o‘& <
supported, O Not supported, / not applicable Case Study Part G ks O 034
Element of a grammar Send Receive Connection Aspect Common (manual) 15 255 52 318
. Receive Apply ' Update Site A (manual) 1 17 2 136
Message (—» : ifferen YEs or .
Termmal . . . q & [ message }{mapplngsj_' q q . Site A (generated) 31 2570 11 042
Non-Terminal (Context-free) o o f rejected - X ) Site B (manual) 29 668 136 350
Non-Terminal (Single) o o é Site B (generated) 69 5443 23075
Non-Terminal (List) o ® Coordinarey  Main (manual) 15 261 8 144
Non-Terminal (Optional) ® ® Port target | [ Recompute Apply 2, Send Main (generated) 28 1510 9592
Relation O O has changed port target mappings value? message
Attribute o / | Rcogrized by mremental | I rejected v
I_e\/_altiatlorl fe_atE re oi jcistédo_/ | Message |
: P | : S . |
L ) 1st phase: Specification ,gr_lcjl_Ekla_s,g._G_eDSrfgcln_} |L3_rc_lekla_sg._u_s§§e_l
Evaluation: Collaborative, Teaching-Based Robotic Cells (Case study 1) and Coordinator (Case study 2)
[T — R~ — — ———— —— — — — - 1T~ ——— - - - - - - = - -z Sl : : : [T — Ra~ — — ———— —— — — — - 1Ir—-———————-——-—- == —- - = - - = e
Site A | Site B, <~ Conceptual view of the two robots (site B) moving Site A | Site B|
| T . Objects to desired locations defined by an | MQTT |
| o DI R (5 . operator (site A) | |
| R1 Ly YA LV :RZ | | ( ) BI’OkeI’ |
| ; N 4 [ | | = |
| O Y A r : | . . | O | |
| o (NN ) e | | Two Franka Emica robot arms (site B) move | ¥ |
'Collab
| 4 (-0 abon | /' one object each to a new location in parallel. 3 |
| \52 : - B . ration - | | || |
| Operator  ~...-7.. : 11 B1Robot | Zone ; | 5 | Operator 1, | B1 Robot |
| I Controller | » O | 11 Controller |
| Scene ¥ | “é NN | Scene I |
| Controller A | w2 == = . LS e - g | Controller A ! |
: PP : B, Robot : ! C ) | B> Robot !
| L r % Controller | | ¥ Controller |
| ) = | | |
| % | | |
| | | |
| I |
| I |

RAG RAG
| RAG Model B Model A Model B
I J— e Conceptual view on the coordinator starting s N~—r+/ "~~~ 1 W L % 7 N/ _
tIMovableObject  : *Region () Component  {—)>Causal Connection --P-Port &PortTarget ~COMpPoONents according to component dependencies ()Component Start Strategy ~ <——»>Causal Connection -« 9Port & Port Target
Our approach uses models based on relational RAGs and RagConnect enables adding efficient connections to all possible parts of a given model specification.
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