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» 2 Where does this/do | come from?

Some Facts
OFFIS Institute for Information Technology
(Oldenburger Forschungsinstitut flr
Informatik- Werkzeuge und Systeme)
Founded 1991 as a not for profit organization
Closely related to University of Oldenburg
Sonderforschungsbereich: AVACS
(Automatic Verification and Analysis of Complex Systems)
Members: State of Lower Saxony, University Oldenburg,
Professors of IT and related studies
Department Transportation, Research Areas
Formal Verification & Safety Analysis
WCET Analysis
Human Centered Engineering
Cooperative Mobile Systems
Process Analysis & Optimization
OFFIS Service and Consulting
Testing (Automated Test Case Generation)

Transportation
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3 MOF

Some facts ...
MOF 2.0 developed January 2006 by the OMG
Differentiation in Essential und Complete MOF
Meta Language for UML2, SPEM, SysML
What is MOF exactly?
Language to describe other languages (Syntax)
Natural language description of Behavior (e.g., operations)

With XMI possible to read/write models/meta-models with corresponding files
directly downloadable from the OMG homepage

Central Usage (right now): Repository
“Easy” to say an ,a“ is related to a ,b“ in a language ,,c* without
Parse Files (XML, XMI, Language Layer)
Implementing required data structures
Positive Project Experience
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4 RMOF

MOF is not enough, why?
Not formal
No Algorithms
Why is it interesting to formalize & enrich MOF?

Implementation  Formalization = Making decisions
(e.g., Damm & Harel “LSCs: Breathing Life into Message Sequence Charts”)

Are we making the ,right* decisions?

Communicate & explore semantically different methodologies
(e.g., “variable domains”, concurrency, event queues)

Drawbacks of different formal methodologies:
Time-consuming to understand/apply
Different abstraction levels
Redundancy

No easy way to integrate & explore different approaches with all the positive
effects of a MOF repository approach

RMOF solves these problems
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5 RMOF In Short

Formal Methodology
Close to MOF/UML2 Specification
Data structures compliant to EMOF / Layerl to CMOF + Constraints
UML2 Enrichments to support Algorithms
(Flexible) Symbolic Transition System
Algorithms
State Machines (SM)
With different degrees of concurrency (effect, transition, state machine)
(Synchronous) Operation calls
Constraint SMs
Derived Values SMs + Default Derived Union Computations
Oberserver SMs
Action Language (layer & collection type management, arithmetic operations, ...)
Implementation

Used Frameworks (Graphical Representation) vs. our Implementations (Simulation)
Layer composition, debugging
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» 6 Formal RMOF::Syntax & Semantics

7.3.33-93 NemedElement = (Class,{ (ownedAttribute, (name, qualifiedName, names-
pace)), (isAbstract, true), (generalization,{Element})}) is an element in a
model that may have a name.

Definied in: CoreAbstractionsNamespaces:: NamedElement,
Core::Basic:: NamedElement, Core;:Constructs::NamedElement

O O
o down : Y. M x M x 2V — 2N determining the instance IDs of a set of

IDs s defined as follows:

4 9
UH{n.i} if 3ln; € M :ln; --+1.n
n.i{—:!.n;—
down N) = oi(n i\l — N
t??ﬁ_&j.n( ) =4 A U {up(n.i)} = N
' n.icl.n;
L else
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7 RMOF::Semantics::Symbolic Transition System

("\
Definition 20 (System Semantics) Let M be a system. The semantics of

)
M s defined as:

-

STS(M) = (V.O,p), where

P

System Variables: V := {sc: 7;,3(?})?5(1 . Q, sysfail - B}.

Initial condition: © = m.c = qo A sysfail = false

Transition relation: The intermediate predicate pg composes the above intro-
duced sub-predicates and additional conditions on their application within ob-
jects’ life-cycle as follows:

,w
[

po =(—sysfail N I(q,~v.,q") € AT Th.c = ghm.cd =¢
A (Passign(l) V pguard(l)) N q # qz) V 4 = qa

» OFFIS-Institute for Information Technology Ralf Buschermohle, Jérg Oelerink; Apl.-Prof. Dr. Josko, Prof. Dr. Damm 10/25/2008



|
OFFIS

ICFEM’08::UML&FM’08::Rich Meta Object Facility INFORATION TECHNDLOGY

8 RMOF::Data Structures for Data Structures

Package .
ownedMemberPackage [0..*] {unique} : PackageableElement Boolean
<s> package [0..1] : Package

MultiplicityElement
isOrdered : Boolean

-l isUnique : Boolean
! lower : Integer

Class upper : Integer
ownedAttribute [0..*] {unique} : Property -

<s> superClass [0..*] {unique} : Class Y Enumeration

ownedOperation [0..*] {unigue} ownedLiteral [1..*] {unique} : EnumerationLiteral
Pi?buertv

aggregation : AggregationKind

“Comment
isDerived : Boolean

<s> body : String

| isDerivedUnion : Boolean <s> annotatedElement [0..*] {unique} : Element

| <5> subsettedProperty [0..*] {unique} : Property
<s> opposite [0..1] : Property
<s> class : Class
<s> defaultValue [0..1] : String
<s> signature [0..1] : String

Lt
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» 9 RMOF::Data Structures for Algorithms

StateMachine runToCompletion Operation
transition [0..*] {unique} : Transition = null P ownedParameter [0..*] {unique} : Parameter = null

subvertex [0..¥] {unique} : Vertex = null " | statemachine stateMachine : StateMachine = null

operation : Operation = null Eﬁgitmn ™" <s> calledFromStateMachine : StateMachine = null

initialActive : Boolean = false o e Sucwe subOperationCallString [0..1] : String = null

rtc : runToCompletion = false e <s> clazz : Class = null

<s> trAttach [0..*] {unique} : TrAttachment = null [t effect [0..1] : String = null

<s> calledOperation [0..1] : Operation = null e oon o c3lledParameters [0..*] {unique} : String = null
Transition GlobalStateMachine e

<s> source : Vertex = null <s> stateMachines (managed by GlobalStateMachine) [0..*] {unique} : StateMachine = null

<s> target : Vertex = null <s> stateMachineHandlers [0..*] {unique} : StateMachineHandler = null

container : StateMachine = null stateMachineHandlerCount : Integer = 0

<s> attachment [0..1] : TrAttachment = null | constraintsAllTrue : Boolean = true
0 : Operation = null
TrAttachment hasReturnParam (Has the current operation a Return Parameter?) : Boolean = false
. guard [0..1] : String = null paramCount (Parameter Counter) : Integer = 0

; <s> container [0..1] ; StateMachine = null ... StateExitCount: Integer =0
! effects [0..*] {unique} : Effect = null " stateExitNo (State Exit Number - total) : Integer = 0

. - == globaleStateMachine
<s> transition [0..1] : Transition = null

¥+ globaleStateMachine
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10 RMOF::Action Language

Directly supported by the platform (on each layer) e.g.,
Layer Management
up()
down()
filter()
getObjectID()
read() & write() object attributes
add() & remove() objects
e.g., filter(down(down(filter(up(*), {(name, StateMachine)}))), {(isActive, true)})
Navigation (e.g., a.b.c = 42)

Collection Type Management (set, bag, ordered set, sequence e.g.,
a.b[0].c[3] = 42, remove(s,e), a subBagOf b (flat or deep)

Arithmetic Operations (atb*c =24,ifa=2,b =3, c =4)
Simulation related (break(), wait())
Coloring of graphical objects

.. otherwise an Operation is called
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11 RMOF::Global State Machine

[errorMessage = NULL]
®

[smc == #sm && sms = computing Derived Unions] [ism == MULL &#& sms = computingStateCharts) Il emorMessage '=
sms = computingConstraints; smc=0; NULL Il {'constraintsAllTrue && sms == posiComputingConsiraints)] .
constraintsAllTrue = computingConstraints{sms, true)

enorMessage = ¢ downic, {iname, InstanceSpecification)}));

[sms == computingConstraints && smc == #sm]
constraintsAllTrue = computingConstraints(sms, false)

[sms 1= NULL && erorMessage == NULL]

=ms = ComputingDerivedValues; smec = 0; Instances
errorMessage = derivedValuesComputation(sm, true} | complemented
Computing
Derived Values

sms == computingConstraints && sme == #sm)]
sm = getinstances(StateMachine {(ss,isActive), (s.isObserver false)}); smc =
smis = computingStateChans

) [smc >= #am && sms == computingDerived\aluss]

smc=0;

erorMessage = derivedValuesComputation{sm, false)
+ derivedUnionsComputationd);

sms = computingDerivedUnions;

[sms == computingStateCharts && smc >= #sm(]
ermorMessage = computingObserver(sm); smc = 0; sms = computingDbserver

[smc >= #=m && sms = computingObserver]

[s2c == sen && lam[zmc].mec] sme++

’ smc < #sm && sm[smc].st = NULL]

[isinstance|Endstate, smisme].st]]
smsmc].st = NULL;

sm[smc].ss = iNActive; smc++;
setOpReturninCUTValues{sm[smc]);
Destroy(OperationStateMaching)

[smc < #sm && sm{smc].st == NULL]
sm[smc].st = getinstances|PseudoState {litsStat=Chart, sm[sme].st.name ) 1H[0]

[lisinstance|{Endstate, sm[smc].s1]
sen = #getinstances(Transition, {(source, smismc].stname)});
sec = ; tr = getinstances(Transition, {{source, sm[smc].st.name)}i[sec]

[sec < sen && trguard '= NULL && "trguard] sec+s;
r = getinstances({Transition, {{source, smfsmcl.st.name)fi[sec]

[sec < zen && (trguard Il trguard == NULL)
ec = 0; en = #r.effect; e = treffect[0]

[ec >=en]

[pc < #getParam(o)]
setParam(o,pc,evaligetParamio,pc))) lec < en)
[o l= NULL]
pc=0
createinstance|getOperation{o));

getinnerMostComplexCperationCall{e.valug)

[pc > #getParamio)]
oitsStateMachine.ss = isActive;
sm[smc].ss = suspended;
sme++ [o==NULL]

assign(e.variable, eval(e.value)); ec++,
sm[smc].handler.st = t.target

[ec == en && sm[smc].ric] sm[smcl.st = tr.target; et++; smsmc].et++

[ec == en && 'smsmc].rc] sm[smc].st = wiarget; et++; sm[smc).et++
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Oemfs |6

@ECLIPSE MODELING FRAMEWORK

»12 RMOF::Implementation::

EIE platform: fresourcefrmof fmodel/rmaf . gmfmap
B4 Mapping
EI Kl Top Mode Reference <clazz:Class|Class =
: EII:I MNode Mapping <Class)Class =
----- 1 WFeature Label Mapping False
=~ ¥] Child Reference <ownedattribute: Property (PropertyMame =
: EII:I Mode Mapping <PropertyPropertyiMame =
; -..Ab Feature Label Mapping true
= #1 Child Reference <ownedOperation: Operation) Operation =
: EII:I Mode Mapping <Operation)Operation =
----- Ab Feature Label Mapping False
=l 1] cChild Reference <ownedParameter :Parameter /OperationParameter >
: I:I Mode Mapping <Parameter)OperationParameker =

k1 Child Reference <stateMachine:stateMachineg/stateMaching =

=+ rmof
55: 100% done

o amparkment Mapping <ParameterCompartment
H C trnent: 1 P terC trent
- E compartment Mapping -::Staterﬂa] Diagrarn Label < Diagram Label ClassMame
Seleck /| ! - B Compartment Mapping <PropertyCampar Ejit Methiod B MESSAGE_FORMAT
H 1=
“- B Compartment Mapping <CperationCompg Ed!t':: F'ttal:lzern '::
[+ ¥ Top Mode Reference <enumerations:Enumeration I Faem o= :
5 K] Too Node Ref cpackages Package(Packs Features = MarnedElement. name: EStri
. op Mode Reference <packages:Package/Packag 1 Only ik False
Tests 5 Yiew Methad 1= MESSAGE_FORMAT
Litility % Wiew Pattern =
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13 RMOF::Implementation

RMOF Specification RMOF Implementation (based on EMF)
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rmofReflective,/reflectiveRMOF.rmof_diagram#_r2YbIIS-Ed25C_20r2YW39A - Eclipse SDK

& Java - platform:/resourc

==l x|

File Edit Diagram MNavigate Search Projeck rmof Menu Run  Window Help
Jf‘jv Jl-uJ:Jﬁvi}v%ng&?@ng.g"vj - 5 L=l > [ C¥5 Repasita. .. 33]]5\,5
JITahoma jlg j | - - ey -| | e 03 - R -| | e B |IIDD% vl
— ﬂl reflectiveRMOF, rmof _diagram &2 w reflectiveRMOFCreatestateMachineHandler, rmof _diagram 1 ﬂl reflectiveRMOFCreateStateMachineHandler rmof_diagrama#e 23 =0
& S A T Ty T P e Ty W R T @
-
i} «5» Clazz 1 Class = null [ b P
fe effect [0,.1]: String = nul o= AlcesOf{StateMachine, { (initialactive, el -
calledPararneters [0..*] {unique} : String = null E Package =0 @ Entrystate
chass 1) Skate
EStateMachine Haridler create:]j
=1 Class attribute (@ Finalstate
Finalstate [E] Enumeration @ Transition

[stateMachineHandlerCount » = #stateMachings]

Pseudostate J

State )
=] Enumeration
Attribute
a8 Operation
?;J Operation

Pararneter

Wertex
(T StateMachine v |

I7] |

@ reflectiveRMOF, rmof _diagram#ts 23

stateMachineHandlers[stateMachineHandler | % Palette b
stateMachineHandlers[stateMachineHandlert m -
color{stateMachineHandlers[ stateMachineHa

@ Enkrystate . _

(Sub- 1 Effect identified

&30 State

[stateMachineHandiers == null]
@ Finalstate break;

[stateMachineHandlers[stateMachineHandlerCount 1.effe @ Transition

StateMachines identified |

[statefMachineHandlers 1= nul]
stateMachineHandlerCount = 1

[statemMachinet__|
createStatei:

£ GuardfEFfect
Composite

" GuardfEffect Link
46 Effect

DEBUG Ausgabe auf Layer O won stateMachineHandlers[stateMachineHandler Count]. effectCount ¢
DEBUG Ausgabe auf Layer 0 von stateMachineHandlers[stateMachineHandler Count ], effectio : 2
DEBUG Ausgabe auf Layer 0 won stateMachineHandlers[stateMachineHandler Count]. transition. Atte
DEBUG Ausgabe auf Layver 0 won stateMachineHandlers[stateMachineHandler Count]. effectCount ¢
DEBUG Ausgabe auf Layer 0 won stateMachineHandlers[stateMachineHandler Count]. state : rmof.in

DEBUG Ausgabe auf Layer 0 won stateMachineHandlers[stateMachineHandlerCount]. StateMachine
-
3

1| | A | |

it ] effect; o ;= getlnnerMostComplexOperationistateMachineHanc ;
W =] guard,l’E_thect
2 omposite - ]
= Mg executing State Machines
jine := 0.5tate ! " GuardfEffect Link
ed ;= fal=; FF
. . El (4
1: = stateMachineHandlers[statelMachineHandleCount ], i Effec
- v
s,
Kl | _>I_I Kl | _>l_I
{2 Problems (@ Javadoc (@) Declaration (. Layer View &3 B 0+ Q| [E E &= T 0| X -rroperties (. Lo Wiew &3 = O 5= outine 22 B|g T O
Layerfile I nsURI I Breaks | Wait I Debug Filter g\é;%GS;ate: iurre?tLSubeﬂ;ektDetermin"ed ;I
- - usgabe auf Layer O von o @ nul
‘rmofReflectivelreflectiveRrMOF ok http: i frmofrmof.ecore ] i} INFCr Stabe: CurrentOperationDetermined
‘rmofReflectiveireflectiveRMOF CreateState, ., http:fffrmofLayer0 ] 1] DEBUG Ausgabe auf Layer O won stateMachineHandlers[stateMachineHandler Count]. effect : eval(s
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15 Example Instantiation / Instantiation plan
1" #$% &'

[t v ] TETE
o - - - - -
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16 Summary

RMOF Specification
Formal Variant of MOF
+Algorithms

(Simple) State Machines, supporting e.g., Operations, Constraints, Derived
Value Computations with different degrees of concurrency

Action Language, supporting e.g., Layer & Collection Types Management,
Simple Arithmetic Operations, Highlighting

RMOF Implementation

Based on Java, Eclipse
EMF: Domain Model (Model Access, Persistence, Item Providers)
GMF: Graphical Representation

Enrichment to support arbitrary Modeling Layers
Layer Composition
Ecore/Genmodel Generation

Simulation Environment
Core Layer is RMOF triggered
Simulation/debug/... views
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17 Future Work

Minor Editor Improvements
Edit support (e.g., hightlighting matching braces)
Only relevant editors pop-up during a simulation run
Speed things up
Adding Modeling Layers
CMOF (Associations, Constraints, Derived Values)
UML2 (Class Diagrams, State Chart Diagrams, Activity Diagrams)
SPEM
Adding Platform Bindings
Implementation: C++
Analysis: Symbolic (Model Checking), Heuristical & Statistical Analysis Methods
Modell Import & Export (OMG XMI Metamodels)
Extensions
Model Comparison/Search/Merge
Model Storage & Versioning (DB)
Distributed Modeling
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18 Thank you! Questions?

Complete specs/software please contact me:

buschermoehle@offis.de
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