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What's happening...?
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worker1 worker2

o Multiple physically distributed mechatronic components
@ Interaction between these components

@ Changes in physical and logical structure
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What's happening...”?

------- =

worker1 worker2

o Multiple physically distributed mechatronic components
@ Interaction between these components

@ Changes in physical and logical structure

= Structurally dynamic (distributed) reactive system
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Modal Sequence Diagrams

MSD WorkerOrdersltem J
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Graph Transformation Rules

GT arrived_a(newLoc:Location))
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Graph Transformation Rules

GT arrived_a(newLoc:Location))
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oldLoc:Location
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Graph Transformation Rules
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Graph Transformation Rules

= short-hand notation:
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Graph Transformation Rules

GT arrived_a(newLoc:Location))
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e Complex structural changes (as implementation of an operation)
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Applying Graph Transformation Rules
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Concept of Integration

Integration by influence: MSDs and GTRs influence each other!
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@ GTRs are executed as side-effects of message events
occurring during a system run

@ Synchronous execution

= Events trigger GTRs
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Concept of Integration

Integration by influence: MSDs and GTRs influence each other!
@ Still use GTRs to describe implementations of operations

@ GTRs are executed as side-effects of message events
occurring during a system run

@ Synchronous execution

= Events trigger GTRs

@ GTRs constrain allowed sequences of events

o If precondition for applying a GTR is not satisfed

= An inexecutable GTR leads to a safety violation
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Integration by Example:
Order a Robot to Start a Job

MSD OrderRobotToStartJob _J
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GT createJob(ik:ItemKind, from:Location, to:Location):Job ) GT doJob(job:Job))
i dJob: =
- ++ issuedJol «out» itemKind [, . .
this:TransportSystemCirl % ioh- ik:ItemKind this:Agent
porty issuedBy ++ job:Job | ++ 9
toLoc | ++ ++ \LfromLoc Tkmd ++\L assignedTo
to:Location from:Location isAt item:Item job:Job
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Integration by Example: Execution

MSD OrderRobotToStartJob_J

r := tsc.robots->select(...)

sm:StorageManagementll tsc:TransportSystem

| | r:Robot

!

d.

/m) - [ob= createJok - )

M) | fomLoc, toLoc) =™ doJob(job, | (he)
I I

Call

GT createJob(ik:ItemKind, from:Location, to:Location):Job )
++

— ++ issuedJob: «out» itemKin
this:TransportSystemCtrl W job:Job o

ik:ltemKind
| SSUEEEY £ | |
toLoc [, ++ ++ \LfromLoc Tkmd
to:Location from:Location isAt item:ltem

GT doJob(job:Job)

this:Agent

job:Job

+«\L assignedTo
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r := tsc.robots->select(...)
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M) | fomLoc, toLoc) - doJob(job, | (he)
I I

Call

GT createJob(ik:ItemKind, from:LodSion, to:Location):Job)

++

itemKind_
++

«out»
job:Job

this:TransportSystemCtrl

ik:ltemKind

Tkmd

to:Location

item:ltem

GT doJob(job:Job)

this:Agent
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Integration by Example: Execution
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| I r:Robot

Call

T [ T
(c/m) 1 Ob_= createJobit

I fromLoc, toLoc) job) | (h/e)

1 1

GT createJob(ik:ltemKind, from:Lodion, to:Location):Jcb)

+4
: itemKind [ )
this: TransportSystemCtrl sout ! ik:ltemKind
portSy issuedBYY ob:Job *
Tkind
to:Location item:ltem

GT doJob(job:Job) J

this:Agent

+¢\L assil
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job:Job
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Tool Interaction

specify system's

interaction behavior  (3) Y. o

Specify

GT-rules
based on
Ecore class
model

transform UML
class model
into Ecore

® = —
N
== 1 == ®
Ecore-to-Xcore
A .
instance-of Derive Xcore
ot «nstanceob — — implementation
play-ou of GT-rules
interprets MSDs P @ rﬁ
based on object &

model, invokes
Xcore operations

%é% L

@ create execution
object model
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Related Work

@ MechatronicUML:

> A design method for self-adaptive mechatronic systems
> Interaction is defined by intra-component state machines

< We use inter-component scenario models
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@ MechatronicUML:
> A design method for self-adaptive mechatronic systems
> Interaction is defined by intra-component state machines
< We use inter-component scenario models

@ Turning collaboration diagram strips into storycharts

» Use a set of simple graph transformation scenarios as input
» All similar graph transformations are mapped to a common state in the

state machine
» No consideration that the graph transformations can change the object

structure
< The two-folded interaction of GTRs and MSDs is one of our main
considerations
None of the them rigorously supports the reconfiguration of the
participating objects or components at run-time
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Conclusion

Sound modeling and analysis approach integrating scenario-based
specifications using MSDs with graph transformation:
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Conclusion

Sound modeling and analysis approach integrating scenario-based
specifications using MSDs with graph transformation:
@ MSDs support an incremental refinement and extension of the
message-based interaction behavior
@ GTRs offer an easy to understand, declarative, pattern-oriented
means for expressing structural change

= Support for interactive and incremental specification of message-based
interaction behavior and structural system reconfiguration behavior

= Integration of intuitive modeling paradigms,
supported by prototype Tool.
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Thanks!

Thank you for your attention!

Questions O
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