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e #1 Previous work in JPL’s Integrated Model-Centric
Engineering (IMCE) initiative for model-based SE

o #5 Systems Engineering with Controlled Vocabularies
e #9 Controlled vocabularies as sentences

e #12 Correspondences: MOF2 vs OWL2 with reification
o #13 MOF2/0OWL2 reification for SysML BDDs & IBDs
e #17 Tool support

o #18 SysML 1.4 RTF proposals
- Property reference path / block-specific type
— Ontological behavior modeling extension for sysml
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e IMCE’s focus:

- IMCE’s methodology for MBSE is based on the integration of
ontology-based modeling and modeling standards
e Ontology-based modeling is essential for analyzability
e Standards-based modeling is essential for affordability

e IMCE’s strategy:

- Focus on MBSE capabilities that respond to projects’ needs and
advance the state of practice for ontology-based MBSE @ JPL

e IMCE MagicDraw Toolkit:

- A tactical reduction of the gap towards ontology-based MBSE:
e SSCAE’s standards-based SysML tool MagicDraw
e IMCE’s ontology-based SysML tool IMCE MagicDraw Toolkit

This was the plan...
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e IMCE plugin key features focus on the small subset of UML
that is key to IMCE’s ontology-based SysML, e.g.:
- Using SysML Blocks for modeling structure, ontologically
— Using Associations for modeling relationship, ontologically
— Using Instances for modeling descriptions, ontologically

e The ontological flavor of modeling makes sense
— see Conrad Bock’s Ontological Behavior Modeling paper

e Challenge: how do we get there for JPL’'s MBSE practices?
- Long term: standards is the only technology NASA can afford
— Short term: standards have flaws; tools have bugs

o IMCE MagicDraw Toolkit: it’s an evolving balancing act...
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e An SE vocabulary is defined as an OWL2 ontology

e Emphasis on organizing the vocabulary in terms of SE
“'sentences” of the form:

- <Subject> <Predicate (verb)> <Object>

e The S/P/0O organization has been very useful:

- Systems engineers prefer using a controlled vocabulary of
English to using UML/SysML

- S/P/0 sentences have the structure of a triple in RDF

e The challenge has been how to adapt an ontology-
friendly organization of a controlled vocabulary (S/P/O
sentences) as a rigorous interpretation of UML/SysML
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Figure 11. Class usage diagram for ControlSystemComponent.

mission:Mission

state-analysis:ControlSystem

mission:Requirement

state-analysis:Plant

analysis:hys Characterizgtion; [, JDeployedBy 0.7

mission:is Specified

mission:Function

analysis:has Characterizati

sion:performs [0..7]

state-analysis: SystemUnderControl

Lggn2lysis:has Characterization [0..7) ControlSystemComponent

igsion:presents [0.."]

mission:Interface

analysis:is QuantifiedBy [0.."]

analysis: Analysis

:Fﬂ‘ﬂains 0.7

base:is Containe

mission:Environment

analysis: Quantification

mission:Component
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{readOnly, union}
RedefinableElement | -+ /redefinedElement
*
*
+ redefinableElement
Type | | Namespace |
{readOnly, subsets member} [r T
+ finheritedMember * | '
NamedElement Classifier {subsets redefinedElement}
* + dassifier | +isAbstract : Boolean = false + redefinedClassifier
{subsets memberNamespace} | * isFinalSpecialization : Boolean = false
RedefinableElement + redefinableElement . .
+isLeaf: Boolean = false -
* + [redefinitionContext + classifier )
{readOnly, union} {subsets redefinableElement}
{readOnly, union,
subsets member} + Jgeneral
+ [feature *
*
* + [featuringClassifier, *
{readOnly, union, subsets
memberNamespace}
{readOnly, union, subsets
redefinableElement, {subsets target}
subsets feature} + general
+ [attribute 0.1
1
. + classifier + generalization
” 1 + specific *
{subsets redefinitionContext, bects {subsets directedRelationship}
subsets featuringClassifier) S‘;m :::r‘}e'
Generalization
* + isSubstitutable : Boolean [0..1] = true
+ generalization
{subsets directedRelationship,
subsets ownedElement}

Figure 7.9 - Classifiers diagram of the Kernel package
2011-12-13 g 9 packad




National Aeronautics and

JPL’s IMCE MagicDraw Toolkit can...

Jet Propulsion Laboratory
California Institute of Technology

(but it gets crowded quickly!)

31 Systems + Software

package Example[ Class2]) -

«metaclass» +redeﬁnableEiement /Ai_redeﬁr:\ed Elerf\ent_redeﬁnatileElemént +/redéﬁned El§ment ' ametaclassy ;
'RMO””"NOEIMM’O""i""f'"'Z'"'T""Z""T""i""T""Z""T""Z""T'"’i""f""i""fo“"Roa'oﬂnab/oElomon(""
: {readOnly ;union} T
: : : : : : : : : : : «metaclass»
«metaclass» Classifier
Classifier . . . . . . . . . . . . . . . . .
+redefinedClassifier - - oo oo *classifier
X ) 3 X ) A_redefinedClassifier_classifier - X : : .
(subsets redefinedElement; = . Too 00T o0 {subsets redefinableElement)-
+/general . . . . . . IA_general_classifiet . . . . . +classifier.
-
0.* - : : : R
{result = self.parents()} . .

2011-12-13 8
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o et iy A motivating example...

e Example of a controlled vocabulary sentence:

— Subjects: Function, Item, ...
- Predicates: sends, ...

e A picture...

Send Telemetry (Function) . — - - . . 7L __ _ _ _ _

Send Telemetry (Function)

L]

telemetry : Telemetry Message

2011-12-13

Telemetry Message (Iltem)

somePortName _sends_ : Telemetry Message (Iltem)

Somelnterface
[ ]

L]
telemetry
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(metamodeling)

How it is done under the covers...

package Mapping Cases [ Function sends Item JJ

«metaclass»

A_type_typedElement

+type Ml etaclass»

(OMG.20110919.SysML1.3.SysML.Ports&Flows)

(OMG.20110919.SysML1.3.SysML.Ports&Flows)

TypedElement (0. 0.. Type
«metaclass»
StructuralFeature «metaclass»
%‘ Classifier
«metaclass» /A_part_structuredClassifier +ipart «metaclass» %
StructuredClassifier P Property «metaclass»
0..* StructuredClassifier
{true}
{readOnly} |_ o - - - =
«metaclass»
| EncapsulatedClassifier
|
(
A_ownedAttribute_structuredClassifier o ————
+ownedAttribute .
0 o Object
{subsets attribute,subsets ownedMember,subsets role,ordered} (Item)
| | ]
«metaclass» |  /A_ownedPort_encapsulatedClassifier +/ownedPqrt «metaclass» I Predicate
EncapsulatedClassifier Port
a ;| 0-f ' (sends)
| {true} I
————————— {readOnly,subsets ownedAttribute} — — — — — = . — —.—
Subject
(Function) «stereotype» «stereotype»
ProxyPort FullPort
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o Example for UML’s Element ownership relation

package uml:element [ uml:element JJ

«metaclass» | +/owner /A_ownedElement_owner +/ownedElement |«metaclass»
Element 0.. 0..* Element
{readOnly,union} {readOnly,union}

— _«rﬂs:d_oma_m» _____ umI:a_ownedEIement_owner|. _____ «Eifsiang_e» _____
©

‘«rdfs:range» l«rdfs:range»
| |
«reifiedObjectPropertySource» «owlObjectPropertyChainLink» «owlObjectPropertyChainExpression» | «owlObjectPropertyChainLink» «reifiedObjectProperty Target»
uml:A_ownedElement_owner.owner {index = 1, {index = 2} uml:A_ownedElement_owner.ownedElement
islnverse} —
AN ~
~
AN -
~ -
-~ - -
=~ — __ «rdfs:domain» «reifiedObjectPropertyClass» «rdfs:domain» _ -
_____ uml:A_ownedElement_owner - - — =
\V
mof2-owl2-mapping:hasReifiedPropertySource mof2-owl2-mapping:hasReifiedPropertyTarget

2011-12-13 11
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e Left = MOF2 . Il‘l;'_CE'S M0F2/0WI_.f2_ int_egratioF makes
e Right = OWL2 object property reification explicit

package uml:element [ uml:element mof2/owl2 JJ
dfs:domai
«metaclass» uml:Element g — — — — — — — — — — — — _rdlsdomamny - |
Element
" |
| «rdfs:range»
0.. I
+/owner «reifiedObjectPropertySource» «owlObjectPropertyChainLink» |
{readOnly,union} uml:A_ownedElement_owner.owner . \ |
’ {index =1,
| isinverse} | |
| «rdfs:domain» | |
| | |
V «owlObjectPropertyChainExpression» I: dEIl t
/A_ownedElement_owner «reifiedObjectPropertyClass» ) perty P umi:a_ownedElement_owner
umI:A_ownedl/El\Iement_owner b
| «rdfs:domain» / |
| / |
{readOnly,union} | {index = 2} | |
+/ownedElement «reifiedObjectPropertyTarget» L / |
o uml:A_ownedElement_owner.ownedElement |
. T
| «wdfsrange» «owlObjectPropertyChainLink» |
W |
«metaclass» uml:Element (. __ _ _ _ _ _ _ _ _ _ _ _ _ ¢ <rc£s:rargei _____ |
Element

2011-12-13 12
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package IMCE Digest [ MOF2/OWL2 Mapping Overview JJ
«stereotype» «metaclass»
mof2-ow/2-mapping.:ReifiedObjectProperty| Element
«stereotype» +base_Dependency | «metaclass»
mof2-owl2-mapping.:BinaryDependency g 1 0..1 |Dependency
«stereotype» +base_Association | «metaclass»
mof2-owl2-mapping.BinaryAssociation| 4 0..1 |Association
+base_Port
«stereotype» — | «<metaclass»
mof2-owl2-mapping.StructuralPortRelationship) 0.1 0.1 Port
«stereotype» +base_Parameter |«metaclass»
mof2-owl2-mapping.StructuralParameterRelationship | 1 0..1 |Parameter
«stereotype» +base_Connector |«metaclass»
mof2-owl2-mapping.StructuralConnectionRelationshig 1 0..1 |Connector
«stereotype» —_ = ]
mof2-ow/2-mapping.InnermostContainerOfKina Extension = This would be Element @ M3 if we could represent this concept.
The notation for this relationship is the circled- "+" (cross) line.
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Ontology Summary

Integrated Model-Centric Engineering

2011-12-12

Non-OMG vocabularies

Table of Contents

bt

. Introduction
. Foundation Ontologies

9

2.1. Base Ontology
2.2. Mission Ontology
2.3. Analysis Ontology
2.4. Project Ontology

)

. Discipline Ontologies

3.1. State Analysis Ontology

1.
3.2. State Analysis Functional Design Ontology
3.3. Electrical Ontology

4. Application Ontologies
Index

Currently (Dec. 2011):
- 4 foundation ontologies
- 3 discipline ontologies

Each ontology includes:

- Vocabulary definition
(*.owl)

- Reification mapping
(*-mapping.owl)

We use continuous integration
techniques to statically
analyze well-formedness
properties of MOF2/0WL2
vocabularies & mappings

14
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000 IMCE Relationship Sentence Browser/Editor
IMCE Relationship Sentence Browser/Editor 'pl
IMCE BundledProfile {bundle=project, build=20, revision=2438, classes=103, object properties=78, datatypes=31, datatype properties=11}
Types 2 = 8
m m
Subject Types: | Forward Predicates: | rObject Types: '§ §
Q- Type here to filter subjects Q- Type here to filter predicates Reset Q- Type here to filter objects Reset E 5
2
m
[-%
36 of 36 subjects selectable 6 of 37 predicates selectable 18 of 37 objects selectable =
analysis:Assumption = analysis:analyzes = analysis:Assumption =~ -
I_D analysis:Fact L-;amlvsm (haradeuzgs ‘—ana\ysls Fact -
= analysis:Characterization ’E' xplains = analysis:Characterization
: ana validates BH analysis:Analysis

analysis:Analysis
D analysis:CostEstimate
D analysis:DrivingRequirementsAnalysis
D analysis:KeyRequirementsAnalysis
D analysis:TradeStudy
[} analysis:Quantity
—[) analysis:Criterion
—D analysis:Metric
EH"] base:Package
D project:Program
D project:Project
D project:WorkPackage
—[) mission:Component
—D mission:Environment
—[) mission:Flow
—[) mission:Function
—[) mission:Interface
—D mission:Interfacejunction
EH_] mission:item
|:D mission:Materialitem
D mission:Message
—D mission:Mission
—D mission:Requirement
H project:Concern
L[ mission:Objective
= project:Deliverable
L[ project:Developmentstate

—analysis:hasCriterion
—analysis:hash
—analysis:hasV
—analysis:measures
—analysis:quantifies
—base:aggregates
—D base:contains
—mission:deploys
[—mission:emits

—D mission:induces
—mission:influences
—mission:ingests
—mission:invokes
—mission:joins

[ mission:performs

[ mission:presents
[—mission:pursues
—mission:rece
—mission:refines
—mission:sends
[—mission:s
[—mission:traverses
—project:authorizes
—project:binds
—project:delivers
—project:invokes

es

Reverse Predicates:

P

Q- Type here to filter predicates

13 of 35 predicates selectable

[ analysis:CostEstimate
D analysis:DrivingRequirementsAnalysis
D analysis:KeyRequirementsAnalysis
D analysis:TradeStudy
—D analysis:Quantity
[—analysis:Criterion
—analysis:Metric
—analysis:QuantityValue
Ebase:Package
[ project:Program
[ project:Project
—D project:WorkPackage
—D mission:Component
—D mission:Environment
—mission:Flow
—D mission:Function
[ mission:Interface
[—mission:Interfacejunction
EF-mission:item
':mlssnon Materialltem
mission:Message
[ mission:Mission
—D mission:Requirement
project:Concern
L—mission:Objectiv
F-project:Deliverab
|—D project:DevelopmentState
—project:Facility
—project:Organization

e

—D project:Policy

[«T»

I proiect:Facility —[) analysis:isAnalyzedBy N

» L

«

Elements & Relations
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e Compute all possible combinations of legal sentences:
- Given a subject => legal predicates
- Given a subject + predicate => legal objects

2011-12-13 16
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e A MOF2.4.1-compliant metamodel for OWL2
- Use net.sourceforge.owlapi (v3.2.3) to import/export OWL2 models

e QVT Operational transformations for:
- Applies the MOF2-OWL2-mapping (meta) ontology to convert:

e MOF2.4.1 => OWL2 (with MOF2-OWL2 reification)
e OWL2 (w/ MOF2-OWL2 reification) => MOF2.4.1

e Additional tool support based on SPARQL, Pellet and SESAME

e Current status (Dec. 2011)
- OMG UML 2.4.1 (MOF2.4.1) => OMG UML2.4.1 (OWL2)
- OMG SysML 1.3 (MOF2.4.1) => OMG SysML1.3 (OWL2)
- <+ similar for all OWL2 reified vocabularies defined at JPL

- OWL2 w/ MOF2-OWL2 reification => MOF2.4.1 profiles

e This applies to all "bundled” OWL2 reified vocabularies defined at JPL
2011-12-13 17
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e What:
— Modeling structure, ontologically
— Currently called the "Block Specific Type” (BST)

e How:

- Model-to-Model transformations to expand recursively the
structure of a block based on inheritance & specialization

- Recursive expansion may be a better term if not obscure

e Example: modeling design variants

- Modeling variants of a S/C instrument package
e light science option (A only)
¢ rich science option (A, B, C)

e Recently (Dec. 2011)

— Use BST to define the semantics of property reference

2011-12-13 “dot” path notation

18



National Aeronautics and
Space Administration

o ks ooy Property Reference Path Example

Pasadena, California

31 Systems + Software

bdd [Package] Basic|[ BasicO]/|
{ordered}
«block» o P «block» r «block»
q values
Lo x:V
AN
«ValueType»
Suppose A, B, C, V are elements in a common model... \/
AN
We need A except for the 1st part p of A, p[1], where for its r sub-part, p[1].r,
we want to change the type r's x value property, p[1].r.x, from V to V'
In textual notation: change the type of p[1].r.x from V to V'
«bIZ::k» «ValueType»
vl
«ExpandedfFeatureReference»
Ip_1.r.x : V' [1KspecificFeature = x}
Proposed notation for an expanded feature reference path
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Recursive expansion using
Block & Property-Specific Types

bdd [Package] Basic[ Basic1aJJ

____________________________ <
| {ordered} Original, compact |
" [eblocks a p «block» (U nexpanded) |
| A i 2 B |
: a L q I
| AN AN l
I R ) . . . /.
_—— - - - - - - - - -
' Reference Resolution |
: (expanded) I
— I
[ W «SpecificFeature» | |
[ | «block» 2 A p_t «block» I
| A' {subse]s a} {subsets p} | «PropertySpecificType» |
| B.p_1
' !
' !
. [ |
Block-Specific Type | |
(proposed addition) | «SpecificFeature»
| a p. 2 «block?) [
R T SEsaET «PropertySpecificType» |
| ‘ B.p_2 I
' !
' !

Property-Specific Type
(already in SysML)

2011-12-13
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bdd [Package] Basic[ Basic1 y

r {ordered} Original, Compact
|| «block» a p | «block» (unexpanded) «block»
| A [ 2 B Cc
| b r values
| a 1 q JAY x:V
| AN
- | ———

[ Reference Resolution
: (expanded)
[ «SpecificFeature» | ’,_ «SpecificFeature»
| | «block» & Al p_1 «block» b N A s «block»
| A {subse}s a} {subsets p} | «PropertySpecificType» {redefines b} {redefines r} | «PropertySpecificType»
| | B.p_1 | C.r

N «SpecificFeature»
I T\ /T X : V'
[
[
| «SpecificFeature» «SpecificFeature»
| a p2 «block» b r «block»

= P rtySpecificT P SpecificT:
{subsets a} {subsets p} R mpecticiypes {redefines b} {redefines r} ) ~pecificTypes
| ‘ B.p_2 i Cr
| «SpecificFeature»
X

[
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free form [Package] Basic[ Reference Path Construct D

Proposal based on input

Segment #1 Segment#2  from the SysML 1.4 RTF,
(designate 1 of [2]) Including S. Friedenthal, N.
Y Jankevicius
{ordered}
«block» e P «block» «e ' m
A 2 B c

values

x:V

Z

«blocky Segment #3
A

«ExpandedFeatureReferencey

Ip_1rx : V' [fspecificFeature = x} | <= [Segment#1, Segment#2, Segment#3]

TODO: <ExpandedFeatureReference>
such that the notation on the left
corresponds to the ordered sequence of
reference path segments on the right.




National Aeronautics and

@/ e SysML1.4: Extensions for

California Institute of Technology

Ontological Behavior Modeling

31 Systems + Software

http://www.jot.fm/issues/issue_2011_01/article3.pdf

Ch Col « g
a"ge[:m € 1: Enhance SysML Activities
®——> Paint '—> ry }—>© . .
for ontological behavior
<process name=“Change Color”> mOdellng

<sequence>
<invoke operation=“Paint”></invoke>
<invoke operation=“Dry”></invoke>
</sequence>

-

</process>
void ChangeColor
{ Paint();

Dry ()
}

F“igure 1: Behavior Notation Examples

Allowed by Not allowed by 2: Define a SysML diagram for
) Change Color Change Color ; .
Behavior P et ontological behavior occurences
N Ly (a trace of a SysML Activity)
Change Color : i | I f {

mme. (this would require using DI/DD to
Figure 2: Behavior Ocourrences specify this new SysML diagrgm)
2011-12-13



