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•  Task list from the OMG March 2011 meeting: 
–  We have the opportunity to place a formal mathematical semantic foundation under SysML on a par with the semantic foundation for 

OWL2 and other math-logic based systems. The result will provide the level of precision needed to: 
•  1.       enable users to build models whose semantics is precise, mitigating misunderstanding by human or machine users 
•  2.       enable integration of reasoning with SysML development based on a standard of correctness 
•  3.       help evolve SysML to meet future expressiveness and integration needs 

–  We can achieve this goal by a series of incremental steps, each of which provides incremental value to the SysML community. The 
approach will leverage development work such done for OWL and other mathematics base systems.  

–  Below are suggestions for some discrete tasks which will move the semantic effort forward.  The tasks typically review current state, 
analyze and produce a recommended solution, with guidance for implementation.  

•  T1. Extend SysML to include OWL2 class constructions with OWL2 semantics. (Nicolas Rouquette) 
–  The benefit is that we can use OWL reasoning to fill in class hierarchies. The effort will have side effects of clarifying 

and extending instances/individuals for SysML.  The need to represent structure in SysML models also overlaps with 
cutting edge research in Description Logic which is the foundation for OWL2. 

•  T2. Review and extend SysML Constraint constructions to enable expressing pre and post condition formal requirements on 
operators declared for a block, such as a pointing operation on a sensor block, and describe the formal semantics in a way 
that enables proof of correctness of implementations to be generated.   

–  (Yvonne Bijan, Roger Burkhart).  

•  T3. Produce a formal semantics for some portion of SysML behavior constructions.  
–  (Yves Bernard).  

•  T4.  Make an approach to the DARPA META program  
–  (Rick Steiner). 

•  T5. Produce a survey of semantic standards to be used for expressing the formal semantics for SysML  
–  (Conrad Bock, Rick Murphy). 

•  T6. Harmonize SysML’s QUDV with related ontologies (QUDT, QUOMOS) and particularly with OMG’s Date & Time 
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•  What is UML2.4.1 ? 
•  What is MOF 2.4.1 ? 
•  UML & MOF revisited 
•  Clarifying the intended semantics of CMOF 

–  5 clues… 

•  Putting the clues together 
•  Formally verifying the clues make sense 

–  OWL2 & MOF Reconciled with Alloy 
–  Demo 

•  Conclusion 
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Outline 
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•  UML 2.4.1 Superstructure §6.4.1: 

The abstract syntax is defined by a CMOF model  
(i.e., the UML metamodel) with each modeling concept 
represented by an instance of a MOF class or association.  

•  UML 2.4.1 Infrastructure §7.5: 
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What is UML 2.4.1 ? 
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•  MOF 2.4.1 §8.1: 
In particular, EMOF and CMOF are both described using CMOF, 
which is also used to describe UML2. EMOF is also completely 
described in EMOF by applying package import, and merge 
semantics from its CMOF description. As a result, EMOF and 
CMOF are described using themselves, and each is derived 
from, or reuses part of, the UML 2 Infrastructure Library.  

•  Correction: EMOF is described in CMOF, not EMOF! 
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What is MOF 2.4.1 ? 
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•  UML is an instance of the CMOF metamodel 
•  CMOF is defined as UML + extensions 

⇒  UML is an instance of something larger than UML (CMOF) 
2012-03-22 6 

UML & MOF revisited 
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•  On surface, this is tricky 

–  How do we prioritize among entangled issues? 
–  How do we make progress when there is no practice of CMOF? 

•  Where are MOF’s friends? 

–  Let’s look at the clues: 
1.   MOF Elements have unique Identifiers 
2.   MOF Links are (incorrectly) specified 
3.   OWL2’s Simplified UML MOF Diagrams 
4.   OWL2’s Mandatory Concrete Syntaxes 
5.   Metamodeling, à la OWL2 

2012-03-22 7 

Clarifying the intended semantics of CMOF 
(With the help of MOF’s friends) 
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•  §10.1 
An element has an identifier in the context of an extent that 
distinguishes it unambiguously from other elements. 

2012-03-22 8 

Clue #1: 
MOF Elements have unique Identifiers 
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•  Issue 16270 (mof2core-rtf) 
–  MOF does not have the correct semantics for links in the presence 

of association specialization 

•  Issue 16233 (smof-ftf) 
–  SMOF does not implement dynamic classification of associations 

2012-03-22 9 

Clue #2: 
MOF Links are (incorrectly) specified 
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Clue #3: 
OWL2’s Simplified UML MOF Diagrams 

http://www.w3.org/TR/2009/REC-owl2-syntax-20091027/#Structural_Specification 
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Clue #4: 
OWL2’s Mandatory Concrete Syntaxes 

http://www.w3.org/TR/owl2-overview/#Syntaxes 
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Clue #5: 
Metamodeling, à la OWL2 

http://www.w3.org/TR/2009/REC-owl2-syntax-20091027/#Metamodeling 
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•  A sketch of MOF2, reconciled 
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Putting the clues together 
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•  The verification involves two parts: 
–  OWL2/MOF2 Integration 

•  This is the infrastructure developed at JPL’s Integrated Model-
Centric Engineering (IMCE) project over the last ~ 3 years 

•  This infrastructure is been extensively analyzed with several 
kinds of techniques: 

–  SPARQL queries to audit IMCE OWL2 ontologies w.r.t. well-
formedness criteria 

–  Pellet OWL2-DL reasoning to verify the logical consistency, 
satisfiability and entailments of IMCE OWL2 ontologies 

–  QVTO constructions of IMCE OWL2 ontologies for UML 2.4.1 & SysML 
1.3 

–  A new Alloy4 formal model of the reconciled MOF2 stack 
•  The relational kernel is M4 
•  CMOF is an M3 metamodel constructed as an instance of M4 
•  UML, BPMN, SysML.. are M2 metamodel instances of CMOF @ M3  

2012-03-22 14 

Formally verifying the clues make sense 
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•  At the top is the simplest reflexive metamodel… 
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OWL2 & MOF Reconciled with Alloy: 
1) The simplest reflexive M4 metamodel 
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•  M4 library 
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OWL2 & MOF Reconciled with Alloy: 
2) Reconstructing CMOF’s M4 metamodel 
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•  This M4 is 100% Reflexive (everything is a relation) 
–  This metamodel preserves Alloy’s reflexive semantics 

•  We can construct MOF cleanly as an M3 metamodel 
–  M3 specifies “instances” of the M4 relations 

2012-03-22 17 

OWL2 & MOF Reconciled with Alloy: 
M4 MOF Metamodel 
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Reconstructing EncapsulatedClassifier (more cleanly) 
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OWL2 & MOF Reconciled with Alloy: 
CMOF as an M3 metamodel (1/4) 
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OWL2 & MOF Reconciled with Alloy: 
CMOF as an M3 metamodel (2/4) 
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OWL2 & MOF Reconciled with Alloy: 
CMOF as an M3 metamodel (3/4) 
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Alloy Q: Is there a logically 
consistent model with: 

- 1 Association 
- 3 Classes 
- 1 Generalization 
- 2 Properties 
- such that… 
(constraints describing 
the desired structure of 
the model) 
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OWL2 & MOF Reconciled with Alloy: 
CMOF as an M3 metamodel (4/4) 
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•  The Alloy M4/M3 prototype confirms that the proposed 
fix for CMOF’s Element/Link metamodel is technically 
worthy of consideration 

•  This prototype reflects the key principles used in JPL’s 
OWL2/MOF2 integration infrastructure 

•  The combination of the formal verification with Alloy & 
the practical evidence from the OWL2/MOF2 integration 
suggests that it is possible to fix CMOF at the OMG 

•  Next Step 
–  Discuss the revised CMOF M4/M3 construction in the MOF/

SMOF RTFs 
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Conclusion 


