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Abstract

The Constellation Data Architecture (CxDA) uses the NASA Exploration Initiative Ontology Models (NExIOM) ontologies for Metadata and Data Exchange. NExIOM addresses the challenges of establishing common vocabularies for administrative, governance, provenance, and associative metadata in different systems; and interoperability between tools and applications through semantic alignment of XML-based approaches. CxDA comprises specifications for Naming and Identifier Rules, Data Types, Information Structures and Algorithms and Equations. Controlled vocabularies can be expressed in RDF/OWL, XML and ASN.1, examples are Units, Quantities, Dimensions and System Properties. Ontologies are used to generate XML Schemas using a new language, XML SchemaPlus, that provides additional OWL semantics. Examples of vocabularies and other work-products are given for telemetry and commanding. SysMO, a System Ontology for SysML, and the use of ontology-based interoperability between tools are also covered.
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Introducing TopQuadrant ——
deovdls o
TopQuadrant is a Semantic Web Technologies Training, Consulting N
and Products Company. Formed in 2001, TQ was the first US company
devoted to Semantic Web Technologies. TopBraid Suite is the

company’s product offering for RDF/OWL modeling environments,

semantic platforms and rich end-user ontology-driven applications.
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TopBraid Platform
‘ ks TopBraid Pluggable
=T Common Services Components
,&‘\ ‘ ‘ A Merging, Parsing, Event Handling, Optional RDF Stores,
Rryed . e Ul Generation, Imports/Exports Optional Reasoners,
4 } i Coordination, Data Bridges,... Custom Third-party Extensions
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TopQuadrant has been working with NASA since 2002 on Ontologies
for Aerospace Engineering
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NEXIOM, the NASA Exploration Initiatives Ontology
Models formalize the way machines (and people)
refer to NASA Elements, their Scientific and
Engineering disciplines, related work activities, and
their interrelationships throughout the NASA
Constellation Program.

Through the use of knowledge representations
information is intelligible and actionable to machines,
tools, and people. Information can be found,
aggregated and reasoned over to generate products,
enable interoperability between systems and tools,
and inform decisions.

NEXIOM consists of Models, a Semantic
Infrastructure, and Services, integrated with
operational tools and systems.

See http://ontolog.cim3.net/file/work/ OKMDS/2008-03-20 Organizing-Science-for-Discovery-at-
NASA/NASA-Constellation-Program-Ontologies--RalphHodgson 20080320.pdf
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0:0 Product Data Exchange Challenges —

@
Issue | > mpact ——> Outcome
¢ Application and data ¢ System Failures
heterogeneity Translation efforts ¢ Rework
¢ Ambiguous definitions ¢ Stressful workloads
¢ Inconsistent (and Constant ¢ Reduced time for
sometimes conflicting) reformatting higher value work

terminology
¢ Limited/No explicit

Barrestan de G ¢ Lower confidence

) : ' ¢ Additional effort
relationships between wrong/incomplete -
data checking
data and tools :
o : hall ¢ Potential for
CINE e leiion Eell Eue Time consuming cascading

¢ Insufficient Provenance manual effort problems

4/30/2009 PDE2009 - NExIOM
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J Constellation Program needs a uniform and
consistent method for treatment of engineering data

\/
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Specification of data and data structures
Processing/Use of data

Exchange of data

Discovery of data

Understanding Authority of data
Understanding Pedigree of data
Defining Relationships between data

Relating data to processes, organizations, software applications,
hardware systems, etc.

 This capability provides for general interoperability

\/
0‘0

\/
0‘0

4/30/2009

Not only for engineering modeling and simulation,

But also across CxP disciplines, domains, systems, processes,
applications, DBs, etc.

PDE2009 - NEXIOM
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R N Motivating Scenario #1: “Connect the — ===

dots”

across Information Objects

:... _ o
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Find all the @
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across all W at '
correspond to the
this ve\re showing

intermittent m‘alfunctions at‘

this point in chckout since

W€

supplier and the assotlated

rderis and vvork -

Motivating Scenario #2:
The Integration Challenge
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Data is in different
places with no simple
way to achieve

authorlzat
< L

data can be related

Ontologies allow the meaning of data to be expressed so that

across databases with different schemas

+ 4
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Motivating Scenario #3:
The Terminology Challenge At 2

aterogensous Worl

&
0.0

NEXIOM, the NASA Exploration Initiatives Ontology Models
formalize the way machines (and people) refer to NASA Elements,
their Scientific and Engineering disciplines, related work activities,
and their interrelationships in the Enterprise

Are these the same valves?

Hardware S — Telemetry/
Nomenclature: N SV - Telecommand.
Flow Control o | MOl e, mm | Nomenclature:
Valve 3-Way Mix Valve Heat eXchanger
Bypass valve

An Ontology-Based Registry defines the concepts
and relationships of an area of knowledge, relating
information in different contexts

* 4
CONSTELLATION
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0:0 Motivating Scenario #4: Data Exchange

Data Exchange Engine

e N\ /7 N\ 4 N\ [ N\ ™\
O] wn
> O = ol | ol S| & 2
Developer o £ o .S <@ - c @ Analyst
Domain Specific Tool 8 CCS' E CCS) D::S 8 9 g Decision Support Tool
= c (|l o
inuts L E LI (_) ~— iuts
* Assumptions \. J U J \ J \ J J * Assumptions
* Caveats « FOMs
e V&V ( ) ¢ Budget
Map to \ y Map to
H
e e
Map to
Neutral
Model
Analyst

Mass Properties Tool
inputs @ outputs

* Assumptions
* FOMs
* Budget

Ontology-Based Data Integration and Translation — map to a common
model using queries and rules — perform checks and transformations.

* 4
CONSTELLATION
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0:0 NExIOM Approach -

desvadls’

08 Theme: Collaboration in a Hatarogancous Workd

 Achieving NExIOM goals requires the following
* A standard method of defining and specifying data
» ontologies
* A standard method of describing data structures and data relationships
» ontologies
% A common terminology with consistent definitions
 NEXxIOM Standard Vocabularies
» A standard method of mapping one data element/set to another
* mediation schemas in ontologies

» A standard method of relating data to processes, aoftware applications,
hardware systems, etc.

» ontologies

» A standard method of encoding (formatting) data
« XML

] Note: these are all aspects of a Data Model or Ontology

4/30/2009 PDE2009 - NExIOM
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Interoperability is about Semantics —
where are the standards for that?

FIATECH.,. 510004

_1SO 12006-%
-PLM'_ el S
_- PDM_ s

-eOID <

CXDA

_ ' Metadata

'RegiStries. :
.

Metadaya
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0:0 NASA NExXIOM Modular Ontologies

g e, e, e, %, e,
= ~120 Schema OﬂtO'OgIES RN s,
%, %, %, %, “,
: 8 N, N, %
4 4 4§ ~ 3
?x,o S <
~ M C,
I T RN
! i N N %
- S Datasets o G, T, Ny,
QQF ’%c % ﬁ"f{,
8 X
& =
s &
g \“\& Q*\g Y-GO > K 2 P
| — g o ;\ %, % ,,% , ”s’
& & N % 55 o g
y e xR gy 4, “fy %, 5
& & gl fiy oy iy %
& & Ko
1 1 1 & & [ Mission Ontology
Brldglng Mapplng and o
b) A\gg-‘\ . {;\c° & Enterprise Ontology
Ly & &
. & &
Proxy Ont0|og|e S &
oy ol nas.
D 9
Q\"\ & Process Ontology
o asa_sit_s
@‘CB\ Task Ontology
Qg_&\? ni k
= Device Ontology
_dev

Foundation Ontology

Ontologies are partitioned according to domains, disciplines,
organizations and levels of specificity. Named graphs are
aggregated through configuration ontologies according to
specific needs.

CONSTELLATION
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How Semantic Web Technologies support the

d Data Architecture

* Name and Identifier Rules
» Data Types, Information Types and Structures
s Document Generation

L System of Reqistries

L)

*

)

CR )

Enumerations
s Knowledge Capture
O Telemetry and Command (C3l)

s Specifications of Metadata, Packet Definitions
s Command and Parameter Registries

Co-existence of OWL and XML

Tool Interoperability

System Ontologies
s How does NExXIOM relate to SysMO and SysML

Concluding Remarks

U O O O

% Controlled Vocabularies for Units, Data Types, Quantities and

<+ Schema and XML Generation: XML SchemaPlus

« Tool Specifications and Parameter Interoperability

he 1 on
Kent Space Center, 29 April- 1 May

! CONSTELLATION
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The
Kent Space Centor, 26 April- 1 May 2009
e g || L
ﬁ .

Semantic Web Technology Primer

CONSTELLATION
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’:’ Key Benefits of Semantic Technology

O Information Integration
% Mappable terms to build consistent & extensible vocabularies.
% Integrate models with both structured and unstructured data

 Search and Analysis

% Semantic relationships between data enable powerful queries that
leverage knowledge organized by people to deliver specific answers in a
highly scalable fashion

** Non-programmers can connect , search and analyze data
 Application Longevity and Flexibility

¢ Future-proof applications (30, 50 100 years) by enabling knowledge
workers to participate in model-based application development

CONSTELLATION

4/30/2009 PDE2009 - NExIOM 15



TopQuadrant™

0:0 OWL — think of it as XML++

@:esa

7
PDE 2009
The H1th NASA-ESA Work shop on Product Data Exchange

« OWL=Web Ontology Language User Interface & Applications
— A language for describing a domain of
interest Trust
— Classes of things, properties of things, T
relationships between things
— A standard defined by the World-Wide Unifying Logic I
Web Consortium (W3C) Ontology:
e How does it relate to XML? SPARQL ot S
— OWL can be serialized in XML and N3 RDF-5 Rule: g
: : I
— OWL is built on the Resource B
Description Framework (RDF) RDF r
— OWL constructs allow us to say things XML
that XML Schema does not allow URI/IRI

4/30/2009 PDE2009 - NExIOM
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’:’ Why OWL - the Ontology Web Language?

Kent Space Center, 29 April- 1 May 2009

d XML is document-based not model-based 2
* Hierarchies of Containers with weak support for relationships j‘j
% Weak support for aggregation (combining documents) AL
s Schema Limitiations |
._®

 UML is Object-Based
% Restricted Type System
% Weak on Relationships
% Weak notion of identity
% Metamodel (Schema) is in a different language

J OWL is Set-Based

Expressive Type System

Strong on Relationships

Strong notion of identity

Graphs not Trees

Metamodel is in the same language

J
0.0

X3

%

X3

*%

J
0.0

3

*%

CONSTELLATION
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Semantic Web Key Idea # 1 — “Think
Triples”: Subject Predicate Object

&
0.0

"
Subject Predicate Object
hasSubSystem Reaction
Vehicle Control
system

Reaction hasComponent

Control
system

hasParameter
Thruster
Parameter
Jet

hasUnits
Parameter
hasDatatype

Parameter DataType

4/30/2009 PDE2009 - NExIOM 18
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Semantic Web Key Idea # 2 — Identifiers ===~
not Names (“Everything has a URI") e R

8 Theme: Collaboration in a Haterogancous Workd

&
0.0

Subject Predicate Object

subsystem :
ORION Reaction C(D
system
subsystem Guidance &
ORION Navigation Control
System

cev:ORION rdf:type nasa:Vehicle;
cev:ORION sys:subsystem cx:RCS

+ cev:ORION rdf:type nasa:Venhicle;
cev:ORION sys:subsystem cx:GNCS

9 Statements in different models but same URIs
means more information about the same things

4/30/2009 PDE2009 - NExIOM 19
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’“"“ Key to Product Data Exchange is Acquisition, ©. ="
0’0 Interpretation and Transformation of Quality il
Data — This needs a Rules Language e

Introducing SPIN

J SPIN - SPARQL Inferencing Notation

++ define constraints and inference rules on
Semantic Web models

¢ http://spinrdf.org
 Specification for representing
. SPIN Standard Modules Libra
SPARQL with RDF el
‘:‘ RDF Syntax for SPARQL queries Reusable modeling constructs like cardinality, instanceOf

] Modeling vocabulary

X/

«» constraints, constructors, rules

X/

% templates, functions

SPIN Modeling Vocabulary
hitp://spinrdf.org /spin

Rules and Constraints Functions and Templates

Define the semantics of classes ~ Encapsulate reusable queries

] Standard Modules Library [ with template arguments

ir + small set of frequently
~ 7 needed SPARQL queries

SPIN SPARQL Syntax

hitp://spinrdf.org /sp
An RDF vocabulary for representing queries, variables, filter clawsos ohe.

4/30/2009 PDE2009 - NEXIOM Open source at http:/spinrdf.org |[page2o



Presenter
Presentation Notes
SPIN is a collection of RDF vocabularies enabling the use of SPARQL to define constraints and inference rules on Semantic Web models. SPIN also provides meta-modeling capabilities that allow users to define their own SPARQL functions and query templates. Finally, SPIN includes a ready to use library of common functions.

http://spinrdf.org/�

@ @-esa
PDE 2009
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SPIN Position in the

&
0.0

Semantic Web Layer Cake duvadls s
Trust
Proof
Logic
framework o IS
. H s
o< O0WL Rues JEN S
- O D LE
8 Y2 DLPbitof OWL/Rul |
2 RDF Schema

RDF Core

4/30/2009 PDE2009 - NExIOM
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SPIN Example of Units Conversion: the ===~
height of “General Sherman” ——

2008 Theime: Collaboration in a Hatorogenaous World

Using SPIN for rule-based Units Conversion.

The example invokes a rule that automatically converts the height
of the General Sherman tree from Centimeters to Feet.

| spinunits Tree | spinunits:DerivePropery’alueByUnit
I spinunitstheightCh @ float Ml :pinunitsisourceProperty
W spinunitstheightFeet @ float Ml :pinunitssourcelnit

Il spinunitsitargetProperty
Ml spinunitsitargetUnit

units:Unit - — -
- — - - — - unitz:UnitDimension
unitz:unitDimension @ unitsiUnitDimension —— - - —— -
L ) units:DimensionOperandl  unitsiUnitDimension[0..1]
hciabhbreviation @ string[0,.1]

) units:DimensionOperand? @ unitsiUnitDimension[0,.1]
hoicode :nonMegativelnteger[1.1] - . . . .
. . unitsiunitDimension units:DimensionDperator @ maths:Operatar[0,.1]
units:baselnit : boolean[0..1] . e i . . .
unitsimoreSpecificDirmension @ units:SecondargUnitDirnension

unitsiconversiontdultiplier @ string[0..1]

units:DimensionOperator [0,.1]

| maths:Operator |
[ |

spinunits:Tree N
rdfsilabel = Tree spirirule

Derive spinunitstheightFeet (unitsiFoot) from spinunitsitheightCh (unitsCentirmeter)

rdfiype
spinunitgsburceProperty spinunitsitargedProperty
spinunitsiGeneralsherman — E
spiznii'heightcm —adnl B spinunitstheightChd M spinunitstheightFest
rdfrlahell— General Sherman relfs:label = height (cm) rdfsilabel = height (feet)

4/30/2009 PDE2009 - NExIOM
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t Data Exchange

&
SPIN Example of Units Conversion: the ===
height of “General Sherman” e

2008 Theime: Collaboration in a Hatorogenaous World

TopQuadrant™

.
<

= Configure Inferencing...

Configuring inferencing: TBC has the ability to

File Settings | Project Settings | Morkspace Settings

| Custarnize settings for "spinunits.n3"

Available Inference Engines

DIG 1.x Reasoner

lena built-in Reasoner
Pellet

SMYBL and lena Rules
SaneifEOMY LI

Top3PIM (SPARGL Rules)

4/30/2009

\_

\
Resource Form (5] ~

Marme: spinunitsiGeneralSherman

+ Annotations

=

General Sherman =

* Other Properties

4441 =

=
spinunits:Tree =

-

+ Incoming References

orchestrate multiple rules engines

Selected Inference Engines

B &b

Input: Asserted Triples

L

TopsPIM {SPARGQL Rules)
{hon-incremental, on dermand only)

L

Output: Inferred Triples ‘

Resource Form (=]

Marme: spinunitsiGeneralzherman

+ Annotations

=

General Sherman

+ Other Properties

Run SPIN
Inferences to
obtain the
inferred result

PDE2009 - NExIOM

e [
-
4441
spinunits:heightFeet ~
2T8.24747
=

spinunits:Tree

=

* Incoming References
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Transformation and Mediation Using
Semantic Technology (1) A 2

08 Theme: Collaboration in a Hateroganeous Workd

.
<

SPARQL is both a Query Language and a Rules Language

PREFIX lunar-rover:<https://nst.nasa.gov/esmd/cx/lunar-rover.owl#>
PREFIX system: <https://nst.nasa.gov/esmd/cx/system.owl|#>
PREFIX assembly: <https://nst.nasa.gov/esmd/cx/assembly.owl#>
CONSTRUCT {
?assemblyType a owl:Class .
?assemblyType sxml:element "lunar-rover:subAssembly" .
?assemblylnst a ?assemblyType .
?chassis composite:child ?assemblylinst .
?assemblylnst genlunar:ref 2assemblyQName .
?assemblylnst genlunar:type ?assemblyActualTypeQName .
}
WHERE {
?chassis a lunar-rover:VehicleChassis .
?chassis assembly:subAssembly ?assembly .
?assembly pf:splitURI ( ?ns ?local ) .
?assembly a ?7assemblyActualType .
?assemblyType tops:constructName( "genlunar:LunarRoverAssembly" ) .
?assemblyinst tops:constructName ( "genlunar:Assembly-{0}" ?local ) .
?assemblyQName tops:constructString ( "lunar-rover:{0}" ?local ) .
?assemblyActualTypeQName tops:gname ?assemblyActualType

+ 4
CONSTELLATION
/]
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LN Transformation and Mediation Using e
48 Semantic Technology (2)

SPARQLMotion Scripting Language is used for generation
NEXIOM-compliant XML from OWL Models

srrisEdt

genlunariterateOverParameterParents
@ camponent @ parameter

a N
s%ex‘c srribasy
@ cormpaonent @ parameter

'
genlunarConvertROFToXML '

@xml genlunar:ConstructRoverParameterRefs

sriNdxt

Q

genlunarBindrileMarme

@fileName

smiént

@ filertarme @ =il

genlunar:ExportToXMLFile V

Note: the notation used in this diagram (from TopBraidComposer). [ CONSTELLATION
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TopQuadrant™

Key Motivations for Ontology-Driven
Applications dewadls __a

¢,
D

 Models need precise specification of their attributes and
relationships
% Organized by Structure, Behavior, Function, Interaction (SBFI)
% Standard Units, Datatypes, Enumerations, Physical Properties
% Common Naming and ldentifier Rules
 Semantic Web Technologies provide precise semantics for
modeling
** URIs enable modularity and composition
** RDF models relationships
% OWL provides semantics for class and type models
 Semantic Web Technologies must co-exist with XML
Technology
% “There is a lot of XML practices out-there”

CONSTELLATION
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Constellation Data Architecture - CxDA

CxP 70160 ANX10 CxP 70160 ANX11 CxP 70160 ANX14
Infrastructure \Application Programming Policy and Security
Specification Interface Specification Model

l

—1—* Constellation Data Architecture

CxP 70160
Implementation Plan

Governance CxP 70160 ANX12
CxP 70160 ANX01 CxDA Ontology
CxDA Concept Of Provenance Schemas
Operations |{
Models

CxP 70160 ANX09
CxDA Algorithms &
Equations
Specification

o
z

CxP 70160 ANX02
CxDA Software Plan

Algorithms

& Equations

CxP 70160 ANX08
CxDA Information

Information Structures Types Specification
|

CxP 70160 ANX13
CxDA Domain
Modeling Guidance

CxP 70160 ANX08
CxDA Information

InformationTypes Types Spacification

CxP 70160 ANXOS
CxDA Encoding Rules

Enching Rules

CxP 70160 ANX07
DataTypes CxDA Data Types
Specification

Naming & Design Rules

CxP 70160 ANX04
CxDA XML Naming &
Design Rules

=
2
r

Names and Identifiers CxP 70160 ANX06
CxDA Metadata

Specifications

CxP 70160 ANX03
CxDANaming &
Identifier Rules

{ CON STELLATION
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& o~ {esa

NASA CxDA establishes a framework for e
names, identifiers, data and information types ______
for consistency and interoperability s —

CxP 70160 ANX10 CxP 70160 ANX11 CxP 70160 ANX14
Infrastructure IApplication Programming Policy and Security
Specification Interface Specification Model

l

CxP 70160
implementationPlan | — | » Constellation Data Architecture
Governance CxP 70160 ANX12
CxP 70160 ANXOL e s C“Dsi‘h‘z::;’??f
CxDA Concept Of Provenance /
Operations 4
Models CxP 70160 ANX09
. owL CxDA Algorithms &
CxP 70160 ANX02 Equations
CxDA Software Plan $ Algorithms Specification
| = & Equations
L o // CxP 70160 ANX08
CxP 70160 AN)_“ 3 Q = /(( CxDA Information
EAEHS O = | B Information Structures e Types Specification
Modeling Guidance w) ol ©
oo L o
EHna S W11 | cxerot60anxos
) 5
CxP 70160 ANX0S »0 o3 Information Types /g CxDA Information
S o to i Types Specification
CxDA Encoding Rules c c
uJ - —
% =l CxP 70160 ANX07
CxP 70160 ANX04 = DataTypes &f CxDA Data Types
CxDA XML Naming & Specification
Design Rules XML
-
Names and Identifiers = CxP 70160 ANX06
CxP 70160 ANX03 > CxDA Metadata
CxDA Naming & Specifications
Identifier Rules o s
e—————————————————————————————————————————————————————————————————
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® CxDA, based on the NExIOM Ontologies, needs °_ws"
000 to address multiple levels of the Constellation
Systems e

0
Constellation System: CLV (:B :] 0.01 Stuck
. Open —_—
Regquirement P

11 G open

To support making CxP data % [V Stuck
Closed T’

and systems operable for the - : OM P don

long term, adapt to changes, .

usable in a variety of contexts,

provide a method of connecting

all data, requires a neutral data
model

Sub-System: Propulsion

Resource:Fuel System
' i P,
| Wl o = ‘e
I e boes
\ @ L S PE | sy i | e

5" g

NEXTOM e )
Ontologies ’

S =

i Device: O2 Lo P Supply Valve

O2LaP Low Pressure
Supply [ 115 psia | LineTemp (deg C)
Valve
A ptastioy : T |
i i e e\ I
W ingphashtasesient | g pRssinEvent If l.msp.lsEnd-rehde(,l imepissionthase *Pt«m it g i |
ipiaitatWaiant - inspcWaypant{1. 1] mspiisartfehivkf : mepMissnihiss \ i
P — | oo P e
ipmentusthase  spilssinPhase(D 1]

\ LHEN LIRS
\

\ Parameter: Valve State

Parameter Type Value Units
Flow Rate Real 258.75

Valve State ValvePosn Open

l/sec

None

+ 4
CONSTELLATION
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iy Data Exchanges occur between “DoDAF-like”

operational nodes — Organizational Units and e
Assianed Rales e

Data Exchange has characteristic properties and Data Exchange Package has
sending and receiving parties producers and consumers

.
<

nlcxda:Databxchange nlcxda:DatabxchangePackage
nlcxdaicharacteristics @ nloxdaDataExchangeCharacteristic nlcincludes : nlcDataAsset[1.] Data
nlcxdaiexchanges : nloxda:DataExchangePackage[1.1] nlcxdaicharacteristics @ nloxda:DataPackageCharacteristic Asset
nlcxdaiconsumedBy @ nlosda:OperationalMode[1.]

nlcxdareceivdingParty @ nloxdaOperationalMode
nlcxdassendingParty : nlccda:OperationalNode(1.1] nlcxdathasDataExchangebvent @ nloxda:DataExchangebvent[1.]

nlcxdaiproducedBy @ nloxda:OperationalMode

Operational Node can \3‘ nlc:Datadisset
. . nlciencompasses @ nloDatafisset
be _an Organlz_atlonal nlcxda:UperationalMode nlcxdaiaccessor @ nloxdafocessor[l,.1]
Unit or an ASSIgned hlcxdaiconsurmedBy @ nloxda:OperationalMode
Role nlcxda:madifiedBy : nlcxdaOperationalMode

nlcxdaiproducedBy @ nloodaOperationalMode[1.1]
nldatathasFileType : nldataFileFormat[0..1]
nldatathashimeType @ nlmimeMimeType[1.1]
nlgowviapprovedBy @ nloxdaOperationalMode

+TorgOrganizationallinit +TorgBssignedRale L} nlgu:u'-.-':nee.dsCDncurrenceFrnm : nI!.cxda:OperatiDnalNDde
nlorgthasDeputy @ nlo:CivilSersant nlorgihasRole : nlciRole[1.1] nlgovireviewedBy : nlexda:Operationaltode
nlorgthasDirector @ nlc:CivilServant[1.1] nlorgis&ssignedRoleOf @ nloiOrganization]L.1] nlgowisupercededBy : nleDatahsset
nlorg:hashlemberOfstaff | nloCivil3ervant nlorgisleaderOf : nlorg:Team nlgewvisupercedes : nlcDatafsset
nlorg:hasiubOrganization @ nlorg:OrganizationalUnit Tnlnrg:isF‘eanrr‘nedEy tnle:Person(1.1] nlu:urg:le.vel :nlu:urg:l._evel _ L
nlorgiisSubOrganizstionOf : nlorg:OrganizationalUnit nlsecuritythasSecuritylevel @ nlsecurityiConfidentiality[0..1]

repositoryisstoredn @ repository:Repository[1.1]

rilciurl ¢ amJRI0.1]
. ) . nlsecurbe I TARrestricted  hoolean(i 1]
Organizational Unit — : : .
ﬁ L An Assigned Role is a person from an Organization
a center, division,

o ; .
W I ——— performing a discipline (role) ; ey
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o Hosed b the Boming Cormprny
2008 Theme: Colleboration in @ Heterogeneous World

System of Registries

MO\ CxDA Registry . P EVR

Crewhacie
Sermurktore Tty

CLV

CLV/US

CLV/USAU
CLV/USICORE
CLV/USICORE'LH2TNK. ,
> CLV/USICORE/LHZTNK [FLN s
/| CLV/USICORE'LH2TNK [FaLN/Sply V.Y

~

)

{ CON STELLATION
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TopQuadrant™

’0‘ The NASA CxDA System of
L\l Registries (SoR) Ly

(J Provide consistent definitions of data

% across time, between organizations, between
processes.

(J Connect "silos" of information

s captured within applications or proprietary file formats,
through the use of standardized data definitions

d Support the exchange of information
% Using formats and protocols - XML and Web Services

EVA

M&S

LSAM|

CONSTELLATION
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Kent Space Center, 29 April- 1 May 2009

CxDA Registry 4 e EVA\

Crewvhodue

l:.l'.,. CLV —

CLY/US -

CLYUSAU . —

CLV/USICORE = : 2 =
CLV/US/CORELH2TNK | e g | b | e -
CLV/US/CORE/LH2TNE [FALN se—— b i o N =

2 CLVUSICORELH2TNK FALN/SolvVLY

e R

e R

il

LI
I, Ol
1#

! CONSTELLATION



TopQuadrant™ g = _P_DE - #-esa

The
Kent Space Center, 29 April- 1 May 2000
e 1 ||
ﬁ .

C3l - Telemetry and Commands

{ CON STELLATION
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0:0 C3l Ontologies

 Telemetry Parameters and Commands
+» Packet Definitions
«» Command Definitions

 Wider Context for Configuration and Re-Configuration

% Relating parameters to
« System Properties
» Measurement Specifications
» Sensor Specifications
 Calibration
« Alarms
« Criticality with respect to Mission Phases and Maneuvers

0 Communications
% Links
% Association of Links with Telemetry

C3Il Ontologies generate specifications and XML Schemas for
@9@ Metadata and C3l Workproducts

4/30/2009 PDE2009 - NExIOM
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T°’?‘“‘“ NEXIOM C3I Ontologies relate System S
0’0 Parameters and Commands to Mission Phases __
and Maneuvers il s

2008 Theime: Collaboration in a Hatorogenaous World

Mission has Phase imsp:Mission

imsp:hasFiguredfMerit : imsp:FigureOfierit imsp:MissionTarget

MISSIOH haS ObJeCt|Ve imsp:hasFirstManeuver : [0..1] imsp:hassite © imsp:Site[1..1]
F 2 - imspihasMissionTarget | imspiMissionTarget

M ISSIOn haS Veh ICIe e imsp:hasCbiective @ imsp:Objective

imsp:hasPhase | imsp:MissionPhase

imsp:hasVehicleComposition : imsp: CompositeVehicle

imsp:description : string

imsp: Objective

imspiFigureOfiMerit

imsp:MissionPhase
imsp:hasCompletionEvent : imsp:MissionPhaseEwvent[1,.]

imspihasEndwayPaint @ imsprwaypaoint[1..1] irnsp Wy poink
imsp:hasInitationEvent : imsp:MissionEvent[1..] imsp:isWaypoinkoF ¢ imspiMissionPhase
imsp:hasPhaseEwvent @ imsp:MissionEwvent imspioccursafter | imspiMissionEvent
imsp:hasstartwéayPoint | imspiWaypoint[1,.1] imsp:occursBefare | imspiMissionEvent
imsp:nextPhase | imsp:MissionPhasef0,.1]

imsp:previousPhase : imsp:MissionPhase[0..1]

imspiCompositevehicle
imspiisComprisedCF : imspvehicle
imsp:isEndVehicleof : imsp:MissionPhase
imspiisstartehicleCf | imspiMissionPhase

imsp:MissionEvent

imsp:MissionPhaselnitiationEvent
imsp:isInitiationEventof @ imsp:MissionPhase

imnspiManeuyer
imsp:hasFinalyehicle © imsp: Compositelehiclel1..1]
imsp:hasstartvehicle : imsp:Compositevehicle[1..1]
imsprirveolves ¢ imsp:Compositeyehicle
imsp:MissionPhaseEvent imsp:isRealizedBy : imsp:SystemFunction
imsp:isPhaseEventOf : imsp:MissionPhase imspinextManeuver | imspiManeuver[0,.1]

imsp:previousManeaver ¢ imsp:Maneuver[1..1]

imsp:MissionPhaseCompletionEvent imspirequiresSystemFunction  imspiBurn

imsptisCompletionEventof | imsp:MissionPhase // imsp:daysSinceLaunch @ double[1..1]

Maneuver requires Burn CONSTELLATION
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TopQuadrant™

9 KSC Launch Control System

The 1

Hostd by the Bosing Comparn:
2008 Theime: Collaboration in a Hatorogenaous World

Ontologies model and locate Devices in their Functional
Hierarchies for checking out of launch seguence
operations

LHZ TERMINAL COUNT

Lift-0ff

Storage Area/ Cross Country/ FES
S
H
£
E B
Q :

1
1
1
1
1
1
B 1 g
Ly W
= 1 é ORE/ET
| I | LES
3 CAVITY
F ! R |
HIC 1 1
A B ™= M H T !
: E N CAWT\:--JI
[ 1 iy \H
B s 1 m?::l:!f
| |
1 H =]
8 | : IH
b e
= GH == GNz ~Close ET GSE Vent Valve (Z)

riacod g ocmmrglede = 1

I =Close Hizh Point Bleed Iaclstion Valwe (V)
=Clase TEM Drain Valve (M)
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The 1185 NASA-ESA Workshop on Product Data Exchange

Sowadds 3

08 Theme: Collaboration in a Hatarogancous Workd

Quantities and Units in the NExXIOM
Ontology

] References

» "CODATA Recommended Values of the Fundamental Physical Constants: 2006"
. Committee on Data for Science and Technology (CODATA).

< “International System of Units (SI), 8th Edition”. Bureau International des Poids
et Mesures (BIPM).

* “NIST Reference on Constants, Units, and Uncertainty”. National Institute of
Standards and Technology (NIST).

s ESA Work on QUD - Quantities, Units, Dimensions

4/30/2009 PDE2009 - NExIOM
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@ o esa
PDE 2009

Motivation for the OWL ontology of physical
quantities and units of measure Is to satisty ==
the following requirements:

 The ontology should support interoperability
% between disparate stakeholders using quantities and units
¢ by providing controlled vocabularies and
% through mutually agreed definitions of shared concepts.
 The ontology should expose enough structure about the
guantities and units
% to support conversion between commensurate units and

% to perform dimensional analysis on the products and quotients of
dimensional quantities.

The Units ontologies use a model based on dimensions and
guantities. This model is being aligned with ESA QUD work.

CONSTELLATION
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NEXIOM Standard Vocabulary (NSV)

Basic physical quantities, forces & moments examples

Hosdy
2008 Theime: Collaboration in a Hatorogenaous World

Data-Name Identifier Description Definition Symbol (Units) | units | Data-Name Identifier Description Units

ForceX F.=F-e, ML/T2

_ ForceY F.=F-e ML /T2

Potential _ Potential —— LT . Forcez F=F-e ML/T2
StreamFunction Stream function (2-D) V X y=gq L2/T Sl g z

ForceR F.=F-e ML /T2
Density Static density (©) MIL? sI ForceTheta Fo=F & ML/T2
Pressure Static pressure ) M/(LT?) s ForcePhi F.=F-e, ML /T2
Temperature Static temperature M o Sl
Energylnternal ;t:;isc internal energy per unit © L o :-Dh:;g :;ZZLD', m::;z
Enthalpy Static enthalpy per unit mass (h) L2/T2 Sl
Entropy Entropy ) MLHT0) - IMomentX ij M- e, ML2/T
EntropyApprox Approximate entropy (Sen=D /0" (LOrO)/((MI-D).T2) si MomentY M, =M-e, ML?/T

|MomentZ M,=M-e, ML2/T
DensityStagnation Stagnation density (00) M/L3 S |MomentR M, =M-e, ML2/T
PressureStagnation Stagnation pressure (o) M/(LT?) SI |MomentTheta Mg=M- g, ML2/T
TemperatureStagnation  |Stagnation temperature (T,) ) Sl |M0mentPhi M,=M-e, ML2/T
EnergyStagnation Stagnation energy per unit mass (ep) L2/T2 S |MomentXi M;=M - e ML2/T
EnthalpyStagnation Stagnation enthalpy per unit mass (hy) L2/T2 S |MomentEta M,=M-e, ML2/T
EnergyStagnationDensity |Stagnation energy per unit volume (pe,) M/(LT?) S| MomentZeta M,=r-e, ML2/T

\VelocityX X-component of velocity (u=g-e) L/T Moment_CenterX
\VelocityY ly-component of velocity (v=g.e) L/T -
\VVelocityZ z-component of velocity (w=g.e) L/T
VelocityR Radial velocity component @Qg.e) L/T

|Moment CenterY
|Moment_CenterZ

~

—~
)

)

| CONSTELLATION
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‘:’ Units Ontology Architecture %

Amale s

08 Theme: Collaboration in a Hatarogancous Workd

Named Graph (n2 level)

N

Imports relation

—>[ A <httpsdinstnasagovesmd/ognunits.owl> |

—

| ¥ nZunitsHeat; |

)]

& n2unitsElec: %’gjitshﬂech: |

| ¥ n2unitsSpace: r" | & nZunitsCherm: | | & ndunitsRad: | ¥ nunitsLight: |

& units:

Ontology

. . [
=1 spargl: | | i nc |

il '
] s

The Units ontologies use a model based on dimensions and

4/30/2009 PDE2009 - NExIOM 41
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Diagram of Quantity Classes

Lnit:SystemOfnits

B quantty quantityReferencelnit ;| quantity :QuantityReferencelnit[0..1]

W unit:systemBaselnit © unit:Unit[ 1. ]
= unit:systemDerivedUnit © unit:Unit

peee  f2@SA
PDE 2009

The 1 on Exch
Kent Space Center, 29 April- 1 May 2009

Hostd by the Bosing Comparn:
2008 Theime: Collaboration in a Hatorogenaous World

| @ guantity:SystemOfQuantites
™ quantity baseQuantity : quantity:OuantityKind[1..]

quantity .unitSysterm [0..1]

i

LnitunitDfSystern

prit:systemBaselnit EE-1
| unit:lnit
W quaEntty:kind © quantity :Quanttykind
= unit:factor : unitUnitFactor[1..]
W UnitunitOfSystem - unitSystemOfUnits
0 ng:abbreviation | string[0..1]

Incicode @ nonMegativelnteger[1..1]

‘Il quantity unitSystermn : unit:SystemOfUnits[0.. 1]

Auartity baseQuantity [1..]

| @ guantity:Quantitykind
W guiantty :DimensionOperand 1

0 nciwaived | boolean[0..1]
1 uniticonversionFactor @ double[0..1]
0 uniticonversioniDffset @ double[0..1]
1 unitiisBaselnit : boolean[0..1]
0 unitisymbol ¢ string[0..1]

unitinits [1..1]

| @ quantity :QuantityVaue

B quantity valueForQuantity © quantity:Quantity[1..1]
9 unitounits  unit:Unit[1,.1]

W quantity:numericYalue @ double[1..1]

W quantity: standardUncertainty @ double[0..1]

quantity:kind - [ quantity :dimension : quantity:Dimension[0..1]

| @ guantity:Dimenzion

M quantty dimensionnverse © guantty:Dirmension[1..1]
M quantty:factor @ quantity: DimensionFactor[1..]
W guantby dimensionSting @ sting[1..1]

tity :dirmension [0..1]

M quantty :DimensionOperand2

W gLiantty :genersization © quantity :Quantitykind

quantity kind

@ guantity: Quantty

quantty .quanttyyalle [1..] quartity valueForQuantty [1..1] [ ne:description : string[0:.1]

M quantty:kind @ quantity :QuantityKind
W gUantty :quantityValue @ quantity: Quanttyvaue[ 1]

W guantty:symbol @ string[1..1]

! CONSTELLATION



Presenter
Presentation Notes
This diagram illustrates the relationships between the main classes in the model. Some key facts from this diagram:

Every system of quantities has:
 At most one associated system of units (quantity:unitSystem);
 At least one base quantity kind (quantity:baseQuantity);
 Every system of units has:
 At least on base unit;
 Every unit has:
 An associated quantity kind (quantity:kind);
 Every quantity kind has:
 At most one dimension (quantity:dimension);
 Every quantity has:
 An associated quantity kind (quantity:kind);
 At least one quantity value;
 Every quantity value has:
 Exactly one unit of measure (unit:units)
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PDE 2009
The 111 NASA-ESA Workshop on Product Data Exchange

0:0 Kinds of Physical Quantities

2008 Theime: Collaboration in a Hatorogenaous World

A Quantity Kind characterizes the physical nature or type of a
measured quantity . E.g. length, mass, time, force, power,
energy, etc.

O Typically, a small set of quantity kinds is chosen to be the
Base Quantity Kinds. Other quantity kinds are defined in terms
of the base set using physical laws or definitions. The latter are
called Derived Quantity Kinds.

A System of Quantities is a specification, typically developed
and maintained by an authoritative source, that establishes:

Choice of the base quantity kinds for the system;

The formulas expressing each derived quantity kind in the system in

terms of the base quantity kinds:

« Force = Mass * Acceleration

» Velocity = Length / Time

3 » Electric Charge = Electric Current * Time

Example: International System of Quantities is the system of quantities
used with the International System of Units. The ISQ is defined in

K/
000

K/
000

CONSTELLATION
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ZopQuadrant™

& TopBraid - NExIOM/schemas/n 1/systems/n1quantity.owl - Eclipse Platform
Fle Edit [Mavigate Search Project Model Inference  Soripts Bun Resource Window  Help

L

5 Mawigator [ Classes

4/30/20091°

=" B

orion:CUI_System
orion:Mechanisms (1)
owl:Mothing
pararmeter Binding
process:Actvity (4)
process:Capability
process Deliverable
process:Method
process:Process
quantity Dimension [172)
quantity Factor

quantity:DerivedQuantitykind (104)
quantity:GeneralizedQuantityKind (3)
quantity:SpeciaizedQuanttykind ()

quantity QuanttyReferencelnit (90)

quantity QuanttyVaue (12)

quantity SystemOfQuanttes (1)

query:Query [4)

query:Set (1)

repository Application

repository Application] dentifier

repository :Repository

risk:Cause

risk Mitigation

risk Rigk

security:AccessRight

security:AES-Counter

security:Authentification

security:Restriction

security: SAML-Concept

secuUrty: XACML-Concept

spargl:Query

standard:Standard

syseng:Decision

syseng:Method

syseng:Problem

sysengRationale

gystem:Block

quantity CuantityKind

J;

B4 s

® L2 @ 7 7 OB niquantty.oul 2

Class Form
Mame: quantity, Quantityking

~ Annotations

Quantity kind

~ Class Axioms

owl: Thing

(P R Y

bify it

quantity:dimension all quantity Dirmension

quantity:dimension max 1

quantity:generalization all quantity:Quantitykind
quantity spediaization all quantity.Quanttykingd

Form  Diagrarm Graph|Form Layout Source Code

# Instances 2

[Resouree )

# quantiy:AbsorbedDose

# quantity:AbsorbedDoseR ate
# quantity:Acceleration

# quantity:AmountOfSLbstance

* quantiy:Angle

# quantity :Angular Acceleration
# quantity:AngularMass

® quartity:AngularMornentLim
 quartity:Angularyelocity

® quartity:Area

® quartity:Areatnge

# quantity:AreaTemperature

# quantity:AreaThermaExpa. .
& quantity:freaTimeTermpera...

# quantity:&tornicCharge

# quantity BendingMomentr ..

L quantty:Capactance
# quantiny :CatalyticActivity

# quantity:CoefficentOfHeat, .

# quantity:Concentration
# quantity:Conductance

# quantity:CurrentDensity
 quartity:CurrentPerAngle
® quartity:Curvature

# quartity:DataQuantity
# quartity:DataRate

4 quartity:Dimensionlzss

® Rules| M Domain| = Relevant Properties

rf type

quartity Deriveduanttykind
quaritity Derived Juantitykind
quartity:GeneralizedCuantty...
quartity BaseQuantiogkind
quartity:SpecidizedQuanttykind
quartity DerivedZuantitykind
quartity DerivedZuantitykind
quantity:DerivedQuantitykind..
quantity:DerivedQuantitykind...
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quartity Dertved(uanttykind
quartity Deriveduanttykind
quaritity Derived Juantitykind
quarttity DerivedTuantitykind
quartity DerivedCuantityking
quartity DerivedCuantityking
quartity DerivedCuantityking
quartity DerivedZuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:DerivedQuantitykind
quantity:BaseQuartitykind

SPARGL | D Irmports

Uty dirnension
quantiy:Dim_L2T-2
quantty:Dim_L2T-3

quantty:Dim_MN
quantty:Dim_J
quantty:Dim_UT-2
quantty:Dim_L2M
quantty:Dim_L2MT-1
quantity:Dim_UT-1
quantiy:Dim_L2
quantity:Dim_UL2
quantty:Dim_L2&
quantty:Dim_L28-1
quantity:Dim_L2T&

quantty:Dim_L2MT-2

quantty:Dim_L-2M-1T412

quantty:Dim_T-1N

quantty:Dim_MT-32-1

quantty:Dim_L-3N

quantty:Dim_L-2M-1T312

quantty:Dim_L-21
quantty:Dim_U-11
quantiy:Dim_L-1

quantty:Dim U

PDE2009 - NEXIOM

0:0 Quantity Kinds and their Dimensions (Il

quantity generaizaton

quantty Dirmensioness
quantty :Acceleration

quantty Momentum
quantity Velocity

o s

PDE 2009

The 11

@:esa

»

B &0 Teamn Sy... ¢

= 0| 11 Properties i im0
oo 2 address:address &
address addressType
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Presenter
Presentation Notes
This screen shot shows a selection of some quantity kinds defined in the NExIOM quantities and units ontology. Note that quantity kinds have at most one associated dimension. Also, quantity kinds may have generalizations or specializations. For example, acceleration is a generalized quantity kind with two specializations, linear acceleration and angular acceleration.
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0:0 Dimensions and Dimensional Analysis
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d Dimensions are used to characterize quantities in terms of
their dependence on a chosen set of base quantity kinds. The
dimension of each base quantity kind is represented by its
dimension symbol:

% Sl Dimensions: Length (L), Mass (M), Time (T), Current (I), Temperature
(®©), Amount of Substance (N), Luminous Intensity (J).

 The dimension of any quantity can be expressed as a product
of the base dimension symbols raised to a rational power. For
example, velocity can be expressed as length divided by time:
< V=LT= LMTA-L)

% Thus, velocity has the dimensions L1 T#(-1).

. Dimensional Analysis:

/7

* Only quantities with the same dimensions may be compared, equated,
added, or subtracted.*

T o« Quantities of any dimension can be multiplied or divided. The

dimensionality of the resultant is determined by analyzing the product or «)«,

quotient of the operands.**

CONSTELLATION
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Presenter
Presentation Notes
*For example, it makes no sense to add one hour to one mile, or ask which is larger in magnitude.

**However, it does make sense to divide one mile by one hour, which results in a quantity of dimension Length/Time expressed in terms of the unit mile/hour.
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A unit of measure establishes a reference scale for a quantity’s
dimension.

 System of Units is a choice of base units and derived units,
together with their multiples and submultiples, defined in
accordance with given rules, for a given system of quantities.

/7

* Base units: Units corresponding to the base guantities in a system of
guantities.
» Sl Base Units: Metre (Length), Kilogram (Mass), Second (Time), Ampere

(Electric Current), Kelvin (Thermodynamic Temperature), Mole (Amount of
Substance), Candela (Luminous Intensity)

*» Derived units: Units corresponding to the derived quantities in a system
of quantities.

2 Coherent units: When coherent units are used, equations between the
numerical values of quantities take exactly the same form as the
equations between their corresponding quantity kinds. Thus if only units

T3 from a coherent set are used, conversion factors between units are

never required.
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 Quantities, Units and Values: These are the main classes for
describing quantities and their values.

% quantity:Quantity

» quantity:QuantityValue

% unit:Unit

 Quantity Structure: These are the main classes that
characterize the physical properties of quantities and
determine the commensurability between quantities
(Dimensional analysis).
% quantity:QuantityKind
% quantity:Dimension

J Systems: These are the main classes used to describe existing

agreements and standards establishing systems of quantities
and units.

% quantity:SystemOfQuantities
% unit:SystemOfUnits

L)

*

)

L)

&
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Presenter
Presentation Notes
The concepts described in the previous slides, quantities, quantity values, quantity kinds, dimensions, units of measure, systems of quantities, and systems of units, are modeled as classes in the quantities and units ontology. These classes are interrelated using many data type and object properties that formalize the relationships described in the previous slides. 

The following slides provide more detail of the class – relationship structure and illustrate how these formalizations are used to model a specific quantity and its values in different systems of units.
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| @ quantity:Factor

M quantityfactorBase : [1..1]

[ quantity factorlnverse © quantity:Factor[1..1]
I quantty factorExponent ; float[1..1]

B quantty factorString @ string[1..1]

| @ quantity :Dimension |
M quantity . dimensionlnverse ; quantity:Dimension[1..1]

M quantty:factor . quantity:DimensionFactor[1..] =]
B quantty dimensionString @ string[1..1]

@ quantity:DimensionFactor

[ quantity factorBase : quanity BaseQuantityKind[1,.1]
quantty factor [1..] [ quantity factorlnverse | quantity DimensionFactor[1..1]

quantty dimension [0..1]

| _ '.' quantity :QuantityKind quarttity factorBase [1..1]
- quanqty :D!mens!onDperandl | @ guantity :BaseQuantitykind

- quanﬁty:@memgon@geranﬁ _ _ <] i[- quantity dimension : quantity BaseDimension[0..1]
W quantty dimension © quantty:Dimension[0..1]

M quantity :generalization : quantiby :Quantitykind

! CONSTELLATION


Presenter
Presentation Notes
This diagram shows how dimensions are expressed as products of other dimensions using terms called dimension factors (quantity:DimensionFactor).

Each dimension factor is associated with exactly one base quantity kind, and has exactly one exponent. Examples include:

(Length)^2
(Time)^(-1)
(Mass)^1

So Angular Momentum can be expressed as 

(Length)^2 * (Mass)^1 * (Time)^(-1)
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IopQuadrant™ . .
Example of Dimension Factors: Angular
Momentum

& quantity . Angulariomentum
rdfs:label = Angular momentum
BoxexCUl =F
B cooEID = pANGMT
B cxiexID = AngularMormentum
H cxexSID = ANGMT
nc:description = Quantty of rotation...

1y Sl mension
@ quantity:.Dim_L2MT-1
rdfs:label = Dim_L2MT-1
quantity dimensionString = L2MT-1

by factor quantity:factor

€ quantity:Factor_T-1
rdfs:label = Factor_T-1
quantity: factorExponent = -1

€ quantity:Factor M1
rdfs:label = Factor M1
guantty factorExponent = 1

¥ quantity.Factor L2
rdfs:label = Factor L2
quantity factorExponent = 2

quantity fectorBase

quantity: fhctorBase quantity:factorBase

¥ quantity: Time
rdfs:label = Time

#® quantity Mass

@ quantity:Length

rdfs:label = Length rdfs:label = Mass

B ooexCUl =L B ooodUl = M B oxiexCUl = Z

H ooexEID = LEN H cxiexEID = MASS B ooeElD = pT
¥ oooxsiD = TIME

H cexSID = MASS
quantity :quantitykindString = M

nc description = Time is a basic comp...
guantty quantitykindSting = T

Bl cxiexID = Length
1 cxexSID = LEN

9 quantity :quantityKindString = L
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Presenter
Presentation Notes
This graph illustrates how a quantity kind can be expressed as a product of base quantity kinds raised to an exponent.

quantity:AngularMomentum is a quantity:QuantityKind object that is associated (via quantity:dimension) with the quantity:Dim_L2MT-1;

quantity:Dim_L2MT-1 is quantity:Dimension object that is associated (via quantity:factor) with three factors, quantity:Factor_L2, quantity:Factor_M1, and quantity:Factor_T-1;

Each of quantity:Factor_L2, quantity:Factor_M1, and quantity:Factor_T-1 is a quantity:DimensionFactor object. Each has an associated base quantity kind (quantity:factorBase) and an exponent (quantity:factorExponent)
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| Uit UnitFactor

CunitSystemOflUnits

| @ guantity :Quanttykind

= ynit:factorBase © unitUnit[1..1]
= unit: factorInverse unit:UniU:actor[i..l]}
= unit factorExponent © float[1,.1]

M quantty quantityReferencelnit . quantity: QuanttyReferencelnit[0, . 1]
= Uit systemBaselnit © unit;Unit[ 1. ]
I Uit systermDerivedUnit . unit:Unit

unit:factorBasze [1..1] jmm quantity kind : quantity:QuantityKind

ifactor [1..]

Uit derivedUnitDfSystam

©unit:Unit

= UnitbaselUnitOfSystern @ unit:SystemOfUnits
0 unit derivedUnitDfSystem © unit SystemOfl_nits
== unit: factor @ unitiUnitFactor[1..]

0 nciabbreviation : string[0..1]

0 ncicode - nonMNegativelnteger[1..1]

0 newaived : boolean[0..1]

0 unit:conversionFactor - double[0..1]

= unitconversionOffset | double[0.,1]

0 unitsymbel ¢ ostring[0..1]

Lt systemBaselnit [1..]

M quantity:DirmensionOperand 1
M quantty :CimensionOperand2
W quantty:dimension . quantity Dimension[0..1]
M quantity:generalization : guantity: QuantityKind

quiantity kind
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Presenter
Presentation Notes
Similarly to dimensions, units of measure can also be decomposed into their products of base units (in a given system of units) raised to some exponent.
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e B
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P S — @ guantity: AngularMomentum
. Lo s =
Hl unit:conversionFactor = 1.0e0 B rdfsilabel = Anguiar momentum
: : . : . B oxoxClUl = F
¥ Lnit:InternationalSystemOfUnits ¥ unit:corversionOffset = 0 B cxioxEID = pANGMT
' rdfs:label = Internationa system... Uit derived nitofSysterm Errwifsa:lljbt;zlv;ufﬁli Sjegond guantty kind ¥ cxiexID = AngularMomentum
W ncicode = 2036 H CX:CXSID " Al . .
nc:description = Quantity of rotation. ..
it factor unit: flactor unit:fac
# unitFactor_Kiogrami @ unitFactor_SecondTime-1 # unit:Factor_Meter2
12 unit:factorExponent = 1 ¥ unit:factorExponent = -1 unit:factorExponent = 2.0
H rdfslabel = Factor_Kilogrami ' rdfs:label = Factor_Second fime-1 W rdfs:label = Factor_Meter?
unit:facporBase unit:factorBase urit:factorBase
¢ unitKilogram ¢ unit:SecondTime ¢ unit:Meter
'Hl unit:conversiorFactor = 1 Hl unit:conversionFactor = 1 Hl unit:conversionFactor = 1
Hl unit;conversionOffset = O 'l unit:conversionOffset = 0 'l unit:conversionOffset = 0
H rdfslabel = Kiogram ' rdfs:label = Second time H rdfslabel = Meter
H ne:abbreviation = kg # neabbreviation = 5 H neabbreviaton = m
' ncicode = 0970 W ncicode = 1615 M neicode = 1090
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Presenter
Presentation Notes
This graph shows how the SI unit of angular momentum, unit:JouleSecond, is expressed as a product of the SI base units Meter, Kilogram, and Second, raised to the powers 2, 1, and -1 respectively.
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Hostd by the Bosing Comparn:

byt B
2008 Theime: Collaboration in a Hatorogenaous World

@ quantity: AngularMomentum
rdfs:label = Angular momentum
BoxexCUl =F
H cxoxEID = pANGMT
B cxcxID = AngularMomentum
E oxioxSID = ANGMT
nc.description = Quantity of rotaton. .,

€ quantity :PlanckConstant
rdfs:label = Planck constant
nc:description = The Planck constant ...
guantty:symbol = h

quantity;kind

quanttysduantbyYalue quantity guarinyValle

quantity diimension

& quantity: CESValue PlanckConstant

€ quantity:SIValue_PlanckConstant

rdfs label = CGESValue Planck cons. ..
i1 quantity :numericValue = 6.62606885E-27
i1l guantity :standardUncertainty = 0.00000033E-27

M rdfs:label = SIValue PlanckConsta. ..
i1 gquantity :numericvalue = 6.62606896E-34
i1l guantity :standardUncertainty = 0.00000033E-34

LIntnits

@ unit:ErgSecond
Hl unit:conversionFactor = 1.0E-7
H unit:conversionOffset = 0.0
B unit:symbol = erg s
H rdfs:label = Erg second

Lnitiunits

& unit: JouleSecond
] unit:conversionFactor = 1.0e0
W unitconversionOffset = 0
M rdfs:label = Joule Second
' neabbreviaton = 1s
W necode = 2036

€ quantity:Dim_L2MT-1
rdfs:label = Dirm_L2MT-1
quantity dimensionSting = LaMT-1

~

)
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Presenter
Presentation Notes
This slide illustrates how a specific quantity, in this case, Planck’s Constant, and its values in different systems of units, is expressed in the ontology. Here, quantity:PlanckConstant is an element of quantity:Quantity. It is a quantity of kind quantity:AngularMomentum, and has two quantity:QuantityValues: One expressing the value of Planck’s Constant in the SI system of units, and one expressing the value in the centimetre-gram-second system of units.
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Shared Dimensions: Torque and Energy

e
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: # quantity :BendingMomentOr Torgues
® quantity:EnergyAndiork dc:description = & torque is a vector...
rdfs label = Energy and work rdfz:label = Bending moment or to...

quantisy dimension

# quantity:Dim_L2MT-2
rdfs:label = Dim L2MT-2
guantity .dimensionString = L2MT-2

ity factor guantity factor
# quantity:Factor_M1 # quantity:Factor L2 # quantity:Factor_T-2
rdfs:label = Factor_M1 rdfs:label = Factor L2 rdfs:label = Factor_T-2
quantity factorExponent = 1 quantity factorExponent = 2 quantity: factorExponent = -2

quantity fectorBase quantity factorBase quantity fectorBase

4 quantity: Time
rdfs:label = Time
HcxioxCUl = Z

4 quantity:Length
rdfs:label = Length
B ococUl =L

¥ quantty:Mass
rdfs:label = Mass

B ool = M
B cxiexEID = MASS B cxiexEID = LEN B coo€lD = pT
B cxicxsID = MASS H oxicxID = Length B oxiexSID = TIME
nc:description = Time is a basic comp...

B oxexSID = LEN
guantity :quanttindString = L

guantity .quantitykKindSiring = M
guantity :quanttyKindString = T
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Presenter
Presentation Notes
This slide illustrates that distinct quantity kinds (elements of quantity:QuantityKind) can share the same dimension. In this case, we see that torque has the same dimensions as energy.
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S| Base Quantities and Units

@ unit: InternationalSystemOflUnits T —————
i rdfs:label = International systerm. ..

Lt bazel_lnit

¢ unit:Ampere
Hl unit:conversionFactor = 1
Hl unit:conversionOffset
H rdfs:label = Ampere

- # unit:Ampers & unit:SecondTi
# unit:Candela RRa unit:SecondTime
i onvar = \ _ - — = & unickl
T itconvarionF aor = 1 Bl cnemiod o3 M ncabbreviation = 4 =i Tt convarionfacor = 1 © uilowan
] unitsconversionOffset = 0 ] uniticonversionOffsat = 0 =0 [ unit:conversionOffset = 0 i unitconversion ;;:0" =
. ' in i | = i | L i iticonversionOfset = 0
8] rdfsilabel = Candela [l |shel = vnpers Eﬂ : = i€ fsabel = Second time i uni _
i nc:abbreviation = of (6] nciabbrviation = & re 'COde DDSD 4 nerabbreviation = 5 ';ﬂ rdfsidabel = Kilagram
i ; i ncicode = 0050 il neicode = 1615 (B nic:abbrewiation = kg
necicode = 0335 o e

quantity kind quantity tkind

':luar-ltlt‘:,-" :l{lrld quantit} tkind

quantit} kind

# quantity ElectricCurrent

# guantity Lumin ity

deidescription = Lurninous intensity i..
rdfsilabel = Luminous intensity
uantity iquantitykindString = 1

# quantity Tirme
I rdfstlabel = Time & quantity Mass
] cxrexcll = 2 B rdfs:label = Mass

4 cxicEID = pT i cnexcUI = M

] coerSID = TIME B criciEID = MASS

[l neidescription = Time is a basic comp...
E quantity iquantitykindSting = T

- @ quantity:ElectricCurrent
Sl o rdfs:label = Electric current
Sl B oxexCUl = ¢

H oxoxEID = CURR
 cxicxS1D = CURR
ncdescription = Electric Currentis ...
Tyl quantity :quantitykindString = 1

ﬁ quantity baseuantty

€ quantty: InternatonalSystemOfQuantties A
2 .
rdfs:label = International system. .. 4,

nc:todo = This system of quant. .. ) :

! CONSTELLATION
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Mame: [property:StressProperty
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 Annotations

dodescription ™

Ei&ress 15 @ measure of the average amount of force exerted per unit area,

rdfs:label =
E!Etress property

v ikt Ao /— Emphasis of multiple types
rdfs:subClassOf =

= !prnpe;:t;:Elasti;:_ijrnper‘t},f
! propertyForcePerlnitfreaProperty
properbypropertyCateqary has propertystressProperyType

Forrn | Iﬁiagrar‘n - En:;*ap.h ' Farm .I:ag,.-'cuuqu.nurn:e- Code |

oy

CER

&1 Errar Lo |" Instanc EE-H“-__ B Flulesll = Du:nr‘nain.l m Relevan ] W SPARQ

rdfibype rdfs:label properysymbal
propertyStressProperty, .. Coef. Therrmal Expansion s
propertystressProperty Critical Stress a_cr NExIOM

propertyCGMEProperty, .. Laminarifiscosity Standard
properbeshearProperty, . Modulus OFf Elasticity In She... Vocabularies
properbystressProperty Morrmal Stress
propertystressProperty Marmal Stress On Inclined P,

iskressProp Marrm, Stress On Planes Per..,

! CONSTELLATION
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Hosdy

i
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Subsystem Team 1

Developer
Domain Specific Tool

inputs

* Assumptions
« Caveats
¢ V&V

Developer
Performance Tool

inputs

* Assumptions
* Caveats
o V&V

outputs

Developer
Risk Tool

inputs

* Assumptions
* Caveats
¢ V&V

outputs

Horizontal Integration among Capabilities within each Subsystem

Developer
Cost Tool

inputs

* Assumptions
« Caveats
o V&V

outputs

~

).

! CONSTELLATION
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T°v°"’“m'“ lool Interoperatility through OVVL - S
0‘0 compliant XML schemas and controlled
vocabularies

op on Product Data Ex
ter, 28 April- 1 May 2009

Community Of Practice - 2 {b&‘
>
Community Of Practice -1 2
[ Subsystem Team 4 S
[ Subsystem Team 3 S
[ Subsystem Team 2 /,é\o/'
Subsystem Team 1 "%‘QX
Developer Developer Developer Developer
Domain Specific Tool Performance Tool Risk Tool Cost Tool
muts its iuts iuts
¢ Assumptions * Assumptions / * Assumptions * Assumptions
*\Caveats e Caveats e Caveats e Caveats —
. Vv « V&V ¢ V&V o V&V -
0, A egratio a ONQ apPpab e ea D e -
\\ AN L Z Z

Shared Vocahularies and $emantics Analyst
Decision Support Tool
NEXTOM
Analyst >

Ontologies

T e
== S, : Decision Support Tool buts
: inputs @ outputs

¢ Assumptions
* FOMs —
« Budget

ﬁ : > Aggregate
- Results

+ 4
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0:0 OWL Model of a Tool
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hiasal ool <
dataipedigres :toolToolPedigree[0.1] \
qoviapplicableDocurment : nasadnformationdsset

| The class ‘TOOL

qowvthasOuner @ nasai0Organization[1..1]

qowtinformativeReference @ nasalnformationdsset

hasa:comparableTo @ nasaTool

nasa:documentation : toolkToolDocumentation ObjeCt property
hasathasfpplicabilityTo : technology:Discipline or nasa:Systern |t ‘isusedBy’ makes
hasathasfssumption @ nasadssumption .
| e e . connection to
hasathasConstraint @ nasaiConstraint
] 4 1 b
nasaistUsedBy  orgifssignedRole or nasaiCommunityOfPractice ASS|gnedR0|e and/or

nasaipointOfContact @ orgilssignedRole or personiPointOfContact ‘CommunityOfPractices’
securitythassecuritylevel @ securiby Confidentiality[0..1]

tooliauthar @ nasaPersonl.]

toolhasbocuracy tookAccuracyldncertaintybeasure

toolhasDevelopmentParty : nasa:Party[1.1] ObJeCt prOperty for

tookhasDeveloprmentPointOfContact @ persomPointOfContact L — the tool’s
computational model

toolhasWerfication&ndalidationPlan @ infoassetVerificationSpecificatio
toolisBasedOn 1 nasaiModel

toolisGroundedIn @ tool:Paradigm

toolisleakedBy @ tool Toollnvocation

toolmethod : tool:ComputationalMethod Da‘t_a propeﬂfy
nasaicomments : string —— attribute for ‘ITAR

nasaidescription : string[1.1] Restriction’
hasaipurpose §string[1.1]

nasanersion : string[1.1]
securibyITARrestricted @ boolean[1..1]
securibyproprietary | boolean[1.1]

+ 4
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hasinputSet

¥
nlc:softwareTool

W nilsecuritythasSecuribylevel @ nlsecurity:Confidentialitye[1..1]

[ nltookhasDeveloper @ nleiOrganization

[ nltookhasInputiet @ nltoolInputset

0 nltookhasOutputiet : nltoolOutputiet

[ nltoolhasSourcelanguage @ nltoolProgramminglanguage[1.]

0 nltoolrunsOn @ nlita:Operating System[1.] _——_————————__g nltoolQutputset
0 nlsecurityiproprietary @ boolean[1.1] /[\ nltoolhasOutputset |I- nltoalhastariable : nltoolOutputiiariable

ltooliobjectCodelocation : IJRI
o nltoolobjectCodelocation : any \ﬁn1t.:..:.|:haSSnurceLanguaE|E [1.]

0 nltoolsourceCodelocation : anyURI

£ Pt

nltoolInputset

[ nltoolkhasConfigurationParameter : nltoolConfigurationPararmeter
[ nltoolhasConstant @ nltoolInputConstant

M nltoolkhasvariable @ nltoolkInputariable

fltool:hasinputet

| | nltool:Programminglanguage |
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PDE 2009

NEXIOM Exchange Example: XML Model for a
Software Tool and its Variables

<tool:InputSet id="MyTOOL_IPSET">
<tool:hasVariable IDREF="IV_MyTOOL_TITLE"/>
<tool:hasVariable IDREF="IV_MyTOOL_IDCAL"/>

The use of explicit IDs and <tool:hasVariable IDREF="IV_MyTOOL_REST"/>
<tool:hasVariable IDREF="IV_MyTOOL RESH"/>
REFs ensures reuse and P e
makes the models more
manageable > <tool:hasVariable IDREF="IV_MyTOOL_IABL"/>
~I(;/') </tool:InputSet>
N .
\§ has Variable
9
Tool @ o
AN <tool:InputVariable id="IV_MyTOOL_ RADTMP"
tool:represents="Param MyTOOL_RADTMP"
<tool:SoftwareTool id=“MyTOOL"> units:hasUnits
<nc:fullname> MyTOOL</nc:fullname <nc:description>
<nc:description> ... </nc:description

OOL_IPSET"/> has Units

</tool:SoftwareTool>

<units:Unit nc:ID="units:Ampere" nc:abbreviatigh="A" nc:code="0050"
rdf:type="units:Current,units:SiBase" rdfs/label="Ampere"/>

<units:Unit nc:ID="units:AmpereHour" nc:abpreviation="A-hr" nc:code="0055"
rdf:type="units:Derived,units:ElectricCharge,units:NotUsedWithSi"
rdfs:label="Ampere hour"/>

<units:Unit nc:ID="units:AmperePerDegree" nc:abbreviation="A/deg" nc:code="2280"
rdf:type="units:CurrentPerAngle,units:IntermediateDerived,units:NonSi"

rdfs:label="Ampere per degree"/>

<units:Unit nc:ID="units:AmperePerMeter" nc:abbreviation="A/m" nc:code="0060"
rdf:type="units:Derived,units:MagneticFieldStrength" rdfs:label="Ampere per meter"/>

CONSTELLATION
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ﬁ dewalls
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’0’ XML SchemaPlus - semantic interoperability
between the XML and OWL worlds

o

 Problem: Ambiguous Semantics in XML

<+ XML documents are tree structures of nested elements
* meaning of the nesting is typically not made explicit

s XML attributes are commonly text strings with no semantics
* meaning of the attribute is not explicit

 Solution: NExIOM compliant XML
% XML SchemaPlus: the bridge between ontologies and XML
 QNAMES for controlled vocabularies

9
XML
XML
SchemaPlus [ > S
Preschemas/
Transformation XML

| .
OWIEModels Vocabularies

coming soon: www.xspl.us CONSTELLATION
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XML SchemaPlus —a language for
specifying XML Document Structure ——

9008 Thoma: Callaboration in & Hatorogensous World

.
<

<?xml version="1.0" encoding="UTF-8"7?>
<SchemaPlus xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-
Instance'" Xxsi:noNamespaceSchemalLocation=*“SchemaPlus.xsd">
<RootElement name=""TrainingExample'"/>
<ScalarElement name="SimulationTitle'></ScalarElement>
<ReferenceElement name=""Unit''></ReferenceElement>
<NestedElement
name="'scenario‘ type=''ScenarioType''>
</NestedElement>
<ObjectType name=''ScenarioType'>
<Attribute name=*provenance”></Attribute>
<CollectionElement
name="'simulationConfigurationParameter"
type="SimulationConfigurationParameterType'>
</CollectionElement>
</ObjectType>
</SchemaPlus>

13

Retaining OWL Semantics

+ 4
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&
Example of SchemaPlus:

Sensor Specification daal s

2008 Theime: Collaboration in a Hatorogenaous World

Van Sensor is a ‘NestedElement at the Root level

<NestedElement name="Sensor" type="system:SensorType"></NestedElement>
<ObjectType name="SensorType" hamespace="system" baseType="system:DeviceType">

ﬁ </ObjectType> Reference Element

4/30/2009

<Attribute ref="data:bitsPerSample" type="xs:int"></Attribute>
<Attribute ref="data:bitsPerSecond" type="xs:int"></Attribute>¢———| Specification of an
<Attribute ref="data:samplePerSecond"></Attribute> Attribute with semantics
<Attribute ref="device:accuracy"></Attribute> from the model
<Attribute ref="device:frequencyResponse"></Attribute>
<Attribute ref="device:lowerRange"></Attribute>
<Attribute ref="device:resolution"></Attribute>
<Attribute ref="device:upperRange"></Attribute>
<Attribute ref="system:io_device" type="xs:string"></Attribute>
<Attribute ref="system:sharedSensor" type="xs:boolean" use="required"></Attribute>
<Attribute ref="system:tolerancePressureMax" type="xs:float" use="required"></Attribute>
<Attribute ref="system:tolerancePressureMin" type="xs:float" use="required"></Attribute>
<Attribute ref="system:toleranceTemperatureMax" type="xs:float” use="required"></Attribute>
<Attribute ref="system:toleranceTemperatureMin" type="xs:float" use="required"></Attribute>
<Attribute ref="system:toleranceVibrationMax" type="xs:float" use="required"></Attribute>
<ReferenceElement name="measures" minOccurs="1" maxOccurs="1"
type="system:ParameterType"></ReferenceElement> “—| Specification of a

+ 4
CONSTELLATION
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Example: XSD for Sensor Specification

pmeme  @eSa
PDE 2009

The 1

on B
Kent Space Center, 29 April- 1 May 2009

«—

<xs:complexType xmiIns="system" name="SensorType">
<xs:annotation>
<xs:documentation>An Object Type</xs:documentation>
</xs:annotation>

The Sensor becomes
an XSD Complex Type

<xs:complexContent> /
<xs:extension base="system:DeviceType">

Sensor extends Device

<xs:sequence>
<xs:element name="measures" minOccurs="1" maxOccurs="1"> Sensor
<xs:annotation> . ,
<xs:documentation>Reference Element. Attribute nc:ref is used to point to the referenced value, which must be of type measures
system:ParameterType</xs:documentation>
</xs:annotation> Parameter

<xs:complexType>
<xs:annotation><xs:documentation>A Reference Element Type</xs:documentation>
</xs:annotation>
<xs:attributeGroup ref="nc:W3C-AttributeGroup"/>
<xs:attributeGroup ref="nc:NC-AttributeGroup"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute ref="data:bitsPerSample">
<xs:annotation>
<xs:documentation>An Attribute. <xs:annotation>
<xs:documentation>Value of this attribute should be of type xs:int</xs:documentation>
</xs:annotation>
</xs:documentation>
</xs:annotation>
</xs:attribute>
<xs:attribute ref="data:bitsPerSecond">
<xs:annotation>
<xs:documentation>An Attribute. <xs:annotation>
<xs:documentation>Value of this attribute should be of type xs:int</xs:documentation>
</xs:annotation>
</xs:documentation>
</xs:annotation>
</xs:attribute>

Attribute definition

~

e
‘})*
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.
<

The NASA System Ontology extends SBF with other SE modeling

formalism

- 1
PDE 2009

e

seneous Workd

constructs. Some SysML concepts are modeled directly others are

modeled more expressively than what is possible in UML.

T

systerm:System

nonfunreqthasMonFunctionalRequiment @ nonfunreq:MonFunctionalRequirement
sysenghasWerifcationtethod @ sysengMerificationMethod[1.1]
systernicurrentCondition @ systeniCondition[1.1]
systermicurrenthlode @ spstem:bode[0,.1]
systerrthasAssembly @ assemblyabssembly
systermnthasBehaviorFeature : system:BehaviorFeature
systernthasCapability @ systerniCapability

M systernthasCommand @ systerniCommand
systerrthasComponent @ systerniComponent
systernthasConstraintSet @ system:ConstraintsSet
systerrthasDewvice @ systerniDevice
systermnthasFunction @ systerm:Function

Spacecrall
Adapter

Launch Abort
Swvstem (LAS)

# orion:CM-PCS

systernthasFunctionalFeature : systermeFunctionFeature P oronAs -
systernthaslntent @ systernintent [ e YT [ aenerEs
W systernthashlode @ systerniiode A # oo ATCS |
systernthastodule @ systerm:bModule T YT [ @ ornciitrrocs} %
systermzhasOperation : systern:Operation
yi systernthasOperationalGoal @ systerm:Operational Goal 2 it B e VTS ] -
# orion:CM-GNCS-MNawsSvs
systerrihasStructuralFeature @ systerm:StructuralFeature -
systernthasiubsysterm @ systermiSystem
systerriizSubsysternOf @ sypsterm:Systern
systerniquantifiedGoal @ systermQuantifiedGoal
F T
CONSTELLATION
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SysMO Ontology Example: Blocks and = ===
Ports

Hossdby e

the Bosing Compsen:
2008 Theime: Collaboration in a Hatorogenaous World

| 0 sysmoBlock
M sysrmoblock @ sysmoiBlock
M sysmocblockOf @ sysmoiBlock | 0 sysmoPort

M sysmoiconnectar @ sysmoiConnector M sysrmoiportOf @ spesimoiBlock
M sysmoflowPort @ sysmoFlowPort e/_,//gm

M sysrmoflowProperty @ sysmoiFlowProperty = sysmoiportOf AF‘

M sysrmoincludedIn @ sysmoSyestem |

0 sysmocFlowP ort
M sysrmobidirectionalFlow @ sysmolnOutFlowProperty
sysmoflonPort Il sysmadirection @ sysmoiFlowDirection[1.1]

W sysrmotincludes @ sysmotSystern

M sysrmotinteractionPort @ spsmodnteractionPort
[ sysmoipart ; sysmo:Part M sysmoflowSpecification @ sysmotFlowSpecification[0..1]
M sysrmoencapsulated : boolean(0..1]

M sysrmoisinkFor @ sysmoiConnector

M sysrmosourceFor : sysmoiConnector

| 0 sysmodtomicFlowPort
||- systnoflowSpecification @ sysmotFlowSpecification[..0]

| 0 sysmoPropertyFlonPart
M sysrmoinboundFlow @ sysmolnboundFlowProperty]1.]

| 0 sysrnoeDataFlowPort
‘I- systmoexportedData @ data: Quantity

mm #ysrmotouthoundFlow @ sesmoiOuthoundFlowPropert(1..]

M sysmotimportedData @ dataiQuantity

| D sysrnoMondtamicFlowPort
‘I- systmocflowspecification @ sysmotFlowspecification]1.1] I}

B sysrmoiconjugated @ boolean[0.1]

~

—~
)

)
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TopQuadrant™

SysMO Example: SysML FlowPort

——
2008 Theime: Collaboration in a Hatorogenaous World

| systerniPort
||- systermisPoridf ¢ systerm:Port

/

systerniServicePort

systermInOutFlowProperty
I- systermthasDirection @ systermiFlowDirection[1..1]

sy stdwouvns Port
systermibidirectionalFlow
systerm:FlowDirection
/system:has[]irectiun [1.1]

systerniFlowPort
[ systermebidirectionalFlow @ systermInOutFlowProperty
0 systernthasDirection @ systermiFlowDirection[1.1]
[ systemithasFlowSpecification @ systerm:FlowSpecification[0..1]
[ systemiisSinkFaor @ spstermiConnector

| systermilnteractionPort
||- systermiprovidesSendce @ systermiProvidedInterface

termithaslnteractionPort
[ systermntizSourceFor @ systemiConnector __H_L\system:hasFIDwSpecificatiDn [0.1]

J . systermiFlowSpecification
systermthasInput @ systerniFlowProperty
[ systermthasOutput o systern:FlowProperty

systermthasFlowPaort * sstermthasSink [

systermiBlock
[ systermthasBlock @ systermiBlock

dlsystem:prwldesSemce systermiisSourceFar

systermiProvidedInterface W systemthasConnector : systermiConnector | systerniConnector
1 system:spec?ﬂesPruu?dedO.peratiun ! sg,-'ste.m:OperatiDn W systerrithasFlowPort @ systerniFlowPort 0 systerrchasink : systermiFlawPart[L.1]
1 systernispecifiesProvidedSignal @ systermiSignal [0 systerrzhasFlowProperty | systermiFlowProperty ‘;T/g‘_ systermhasSource : systern:FlowPart[1.1]
[ systermithasinteractionPort system:lnteractionﬂﬁﬁgi asConnectaor

[0 systerniincludes @ systermiSystem

[ systemiisBlockOf @ systerniBlock
0 systermiislncludedn @ systerniBystern

[ systermiowensPart @ systerniPort
systerniisEncapsulated @ boolean[0.1]

i ‘\

)
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0;0 FlowPort in N3 Format

system:FlowPort
a owl:Class ;
rdfs:label "Flow port"~"xsd:string ;
rdfs:subClassOf system:Port ;
rdfs:subClassOf
[a owl:Restriction ;

dc:description "Indicates the direction in which an Atomic
FlowPort relays its items. If the direction is set to in then the items
are relayed from an external connector via the FlowPort into the
FlowPort's owner (or one of its Parts). If the direction is set to out,
then the items are relayed from the FlowPort's owner, via the
FlowPort, through an external connector attached to the FlowPort,
and if the direction is set to inout then items can flow both ways. By
default, the value is inout." ;

owl:allValuesFrom system:FlowDirection ;
owl:onProperty system:hasDirection
If5
rdfs:subClassOf
[a owl:Restriction ;
owl:allValuesFrom system:FlowSpecification ;
owl:onProperty system:hasFlowSpecification
I}
rdfs:subClassOf
[a owl:Restriction ;
owl:allValuesFrom system:InOutFlowProperty ;
owl:onProperty system:bidirectionalFlow
Ik
t rdfs:subClassOf
[a owl:Restriction ;
= owl:allValuesFrom system:Connector ;
N(.:A owl:onProperty system:isSourceFor

pmeme  @eSa
PDE 2009

The 1

on Exch
Kent Space Center, 29 April- 1 May 2009

rdfs:subClassOf
[a owl:Restriction ;
owl:maxCardinality "1"*"xsd:int ;
owl:onProperty system:hasFlowSpecification
IE
rdfs:subClassOf
[a owl:Restriction ;
owl:allValuesFrom system:Connector ;
owl:onProperty system:isSinkFor
IE
rdfs:subClassOf
[a owl:Restriction ;
owl:cardinality "1"~"xsd:int ;
owl:onProperty system:hasDirection
IE
dc:description "Flow Ports are interaction points
through which input and/or output of items such as
data, material or some property such as torque,
pressure or energy may flow. This enables the owning
block to declare which items it may exchange with its
environment and what are the interaction points
through which the exchange is made. A FlowPort
specifies the input and output items that may flow
between a Block and its environment. FlowPorts are
interaction points through which data, material or
energy 'can' enter or leave the owning Block. The
specification of what can flow is achieved by typing
the FlowPort with a specification of things that flow. In
general, flow ports are intended to be used for

asynchronous, broadcast, or send and forget
interactions." .

! CONSTELLATION
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”’ Capability Case: Ontology-Based Data g SOETOS
Exchange (between SysML Tools) m—

o

Each tool’'s model is converted to triples using SPIN. Triples can be related
through a unified SysMO Model. Data exchange and other operations are
then possible.

Collaboration in 2 Heterogensous World

Tool 1 Models Unified Models Tool 2 Models

SPIN

SysML Model 1 Domain Models SvsML Model . S Hodel SPIN SysML Model 2 Domain Models

_ ys ode omain Models
System Block Vehicle ‘ ‘ Svstem Block SpaceVehicle
port emponent System Block + VehideSubSystem Y Port + ubSystem
Port .

Param i

Mapping @Parameter Mapping @ Parameter

XMI Import RUIeS RUIeS XMI Import
SPIN Controlled SPIN
Semantic XML Vocabularies Semantic XML
° Alignment Name and Identifier Alignment 0
Rules
2 Units Data Types

Properties

» +
CONSTELLATION
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The 11th NASA-ESA Workshop on Product Data Exchange

’0’ Semantic XML —
representing XML in OWL m—

2008 Theime: Collaboration in a Hatorogenaous World

o

Parent Element

 Composite Pattern
% Elements contain Elements
* Elements have attributes composite:child relation

Child Element

& FcbcUUID:
cumpﬁsite:index: 1
& <FaciLegaIMOnetaryTntal> @ <choCopyindicators
cornpasiteindes = 23 compaositetindex = 9

/ & zcacCredithoteline >

compositeiindex = 27

swmlirirat cormpogite:chibd mpedsfe:chileh rhsite:child & <choiProfilelD =
_ posite:child compositeiindex = 5
& <CreditNote xsischemalocation="urrn:oasis:narmes specification:ubl:... /
- - trnposite:child
=milns-CreditMote = urnioasisinamesispec.., & <cacTaxTotal>
zsischemalocation-CreditMote = urnioasisinamesispec.., L cornpositeiindex = 23

s liprefic = cac cormpaositeichild

sxrl:prefiz = che E—}
cormpaositechild @ <cboote>

ssrnliprefiz = ext —
pren . commpositeiindex = 17
sxrnliprefi = xsi

// composite:chi
// # <caciccountingCustamerParty»
compositelch compositeindex = 71 E
- _ _
cnr‘/r} siterchild composibeicRAGpost Y <lch.c:ID>
L,/ compogite:child compositeiindes = 7
¥ <cachccountingSupplierParty > ® <cboTaPointates * <C_bE_:ISSUEDatE>
ﬁ compositeiindex = 19 cornpositetindex = 15 compositeindex = 13
# <cboillBliersionID > & <choCustomizationID =

corpositetindex = 1 compositeiindex = 3

+ 4
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SPIN — using SPARQL as a Rules
Language ——

2008 Theime: Collaboration in a Hatorogenaous World

*
<

¢ SPIN — SPARQL Inferencing Notation
¢ A Rules Language based on SPARQL
e define constraints and inference rules on Semantic Web models
e http://spinrdf.org

¢ Specification for representing SPARQL with RDF

e RDF syntax for SPARQL queries SPIN Standard Modules Library
. hitp://spinrdf.org fspl
’ M O d eI I n g VO C ab u I ary Reusable modeling constructs like cardinality, instanceOf

e constraints, constructors, rules SPIN Modeling Vocabulary
. hitp://spinrdf.org fspin
e templates, functions
¢ Standard Modules Library &5 _ _
Define the semantics of classes = Encapsulate reusable queries

) Sma” Set Of frequently and their relationships with template arguments
needed SPARQL queries

Rules and Constraints Functions and Templates

SPIN SPARQL Syntax

i hitp: inrdf.o
more at www.spinRDF.org ttp://spinrdf.org /sp

An RDF vocabulary for representing queries, variables, filter clauses i,

7 4 -
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Presenter
Presentation Notes
SPIN is a collection of RDF vocabularies enabling the use of SPARQL to define constraints and inference rules on Semantic Web models. SPIN also provides meta-modeling capabilities that allow users to define their own SPARQL functions and query templates. Finally, SPIN includes a ready to use library of common functions.

http://spinrdf.org/�
http://www.spinrdf.org/�

TopQuadrant™ @ @::;ms #-esa

¥ N SPIN Example: Kennedy Family Rules — ===
b4l Using SPARQL as a Rules Language

-,

3] *kennedysSPIN.n3 EE\]Q *kennedys.owl 1 =0

Class Form / R = B~ A Person Class
MName: :kanned\rs:ﬁersun ;

= Annotations

= Class Axioms

rwdf:"EzsulhrErlais'Df = - SPIN Rule using
lowl:Thing SPARQL Construct

spiln:rule s _
- CONSTRUCT =
tthis :grandFather *grandParent .
1
'WHERE {
?this kennedys parent 7parent .
?parent kennedys:parent *grandParent .
PgrandParent kennedys:gender kennedys:male .
I
#* CONSTRUCT | |~
?this :grandMother ?grandParent .
}
'WHERE |
?this kennedys:parent ?parent .
?parent kennedys:parent YgrandParent .
fgrandParent kennedys:gender kennedys:female .
I
Form | Diagram | Graph | Form Layout | Source Code |

T T
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SPIN Example: Kennedy Family Rules
(Template Version)

Hossdby e

the Bosing Compsen:
2008 Theime: Collaboration in a Hatorogenaous World

o] *kennedysSPIN.n3 52 = g

Class Form - p—

Template for Rule

Mame: InferGrandParent

- Annotations

rdfs:comment ~

¥ Find the grandparents of the given person 2this. & (T * 1 = B
This template can be used either for grandMother @ kennedysSPIN.n3 2% @ kennedys.owl

or grandFather.

rdfs:label ~
Infer grand parent = Name: kennedys:Person

Class Form S R=R

- Class Axioms
rdfs:subClassOf ~

- Annotations

spin:Templates - ~ Class Axioms
spin:iconstraint ~ rdfs:subClassOf ~
¥ Argument kennedys:gender : kennedys:Gender ~ oy owl:-Thin =
¥~ Argument predicate : rdf:Property = . g

spin:rule =~ "
¥ Infer grandFather from kennedys:male grand parents = e

r
#- Infer grandMother from kennedys:female grand parents ~ s

=~ Other Properties

spincbody ~
*|CONSTRUCT § =
?this ?predicate ?grandParent .
1
WHERE {
?this kennedys:parent ?parent .
Yparent kennedys:parent YgrandParent .
YgrandParent kennedys:gender 7gender .

Diagram| Graph| Form Lavnut| Source Cude|

Class invokes rules

1 by passing arguments

spin:labelTemplate ~

Infer {?predicate} from {?gender] grand parents ~ tO templates
rdf:itype ~ R\
@ spin:Template = - )*

)

Form Diagram|Graph| Form La\rout|50urce Code CONSTELLATION
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Ontology Architecture for SysMO Model ===
Creation

SysML Metamodel in XMI

SPIN Inferencing

| =3 <fileddStandards /AP 233/UMLASysML-metarnodel xml> |

lirnports owel:irhports owlimp
w3 spim: wd wmi;
rdfsicormment = &n RDF Schema that .., rdfsicomment = CLASE: Delete
rdfs:label = SPIN Inferencing Waoc.., awilrversionlnfo = Created with TopBrai...
owlnersionlnfo = 0.9.2 Semantic XML

(

le:iants
w1 sp o] suml:
rdfsicornment = An RDF Schema to syn.. rdfsicarmment = An ontology describi..,
rdfsilabel = SPIN SPARQL Syntax owilversionlnfo = 11,0
owelversionInfo = 0,9.0

Composite Pattern

oomelirpiports (

o} camposite:
SPIN SPARQL Syntax rdfsicomment = & simple ontology to..

owvlversionlnfo = Created with TopBrai.., .

~

—~
)

).

! CONSTELLATION
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Semantic XML translation of SysML
using TopBraid Composer

o s

PDE 2009

The 11th NASA-ESA Workshop on Product Data Exchange
Kent Space Center, 29

@:esa

April- 1 May 2008

le Edit Mavigate Project Maodel Inference  Scripts  Resource  Window  Help

il & QD -HK 4 i oo och o A <iD3ced5TO31F2e0d504e:- 1504 {5

o- Mavigator | [3 Classes ke campositerchild 23 |~ T O 6] UMLASysML-metamodel2.onl 22 @] HMI_Z, ool =g
Q oM xminversion="2.1"> -

Resource Form

q}:DE: v 2

& <cmofiPackage name="UML4SypshL" smitid="_0">

4/30/2009

& zownedhernber xrmittype="cmofPrimitiveType" smitid="Inte
# zownedMernber grmittype="cmof:PrimitiveType" xmiid="Bool
& <ownedComment xamitype="cmof:Comment” xmiid="Bo
& <hody>
op <"A Boolean type is used for logical expression, con
& <ownedMernber xmittype="crmof:Primitive Type" xmitid="Strin
& zownedMernber srmithype ="cmofPrimitiveType" wmitid="Unli
& zownedMernber srmithype="cmofiClass" wmiid="Comment" 5
& zownedMernber gmitype="cmofiClass" superClass="Relation:
# zownedMernber grmitype="crmofiClass" ximitid="LiteralSpecifi
& <ownedhernber superClass="LiteralSpecification” narne="Lite
& <ownedhernber xmitype="crmof:Class" xmitid="LiteralString"
& <ownedhernber xmiid="LiteralBoolean" xritype="crnof:Clas
& zownedMernber xmittype="crmof:Class" xmiid="LiteralNull" 51
& zownedMernber superClass="PackageableElerment” xmitid="C
& zownedMernbergmiid="Elementirmport” name="Elerentlmp
& zownedMernber narne="TypedElernernt” isabstract="true" xm
& ownedMember isabstract="true" xmi:id="Feature" narme=""F¢
& cownedMember xmitid="RedefinableElement” isfihstract="tru
& cownedMember isfbstract="true" xmi:id="5tructuralFeature"
& <ownedhernber xmiid="TnstanceSpecification” superClass="F
& zownedMernber superClass="Element” narne="Slot" xmi:bype:
¥ zownedMernber nare="Packagelrnpor” superClass="Directe
& zownedMernber narne="DataType" wmittype="cmofiClass" xrr
& zownedMernber srmitype="crmofiClass" xmitid="Enurneration
& zownedhernber srmittype="crmofiClass" xmitid="Enurneration
& <ownedhernber xmittype="crmof:Class" xrmitid="Primitive Tym
& <ownedhernber xmiid="Association” xrmitype="crmof:Class"
& <ownedhernber xmiid="ValueSpecification" name="Value Spe
F Y . S

%] ' n ) n B T R (IR

L 3

=

m

Marme: | «@3cedd70311f2e0d504e:-Tocd
* Annotations
= Other Properties

=

A, Boolean type is used for logical expression, consisting of| =
the predefined walues true and false,

=

=

sxmliTextNode

* Incoming References

Form | Graph | Source Code

# | > Ru (Do = Rel b SPp 22 T [dyRe | T
P @ NS EEE

Query Editor | Query Library | [subject] object
SELECT Fsubject fobject body awl:Thine
WHERE{ cmofiPackage ol Thinc
fsubject rdfsisubClassOf To .
! crofiTag owl:Thine
language ol Thinc
not owl:Mothing owl:Thine
oAl Different rdfs:Reso
owlAnnotatio... rdf:Prope
oul: Class rdfs:Class
owl:DataRange rdfs:Reson
owl: DatatypeP... rdf:Prope
owl:Deprecate.., rdfsiClass
Fl I b

PDE2009 - NExIOM

m

s Properties 2

E &Y Tearn Synchr..,
=L
O
compaositeichild
composite:parent
annotatedElement-owne
association-ownedbttrib
association-ownedEnd
bodyCondition-owned O
class-owned Operation
cornpositeindes
constrainedElement-owr
datatype-ownedQOperatic
default-ownedAttribute
direction-ownedParamet

elernent-crmofTag

I F

+ 4
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| 0 ¥MIPackage

‘I- composite:c

Importing XMI.XSD file into TopBraid
Composer provided the start for XMl Ontology

0 ¥MIPackageElement

hild : ¥MIPackageElernent

0 Add

B addition : xsd IDREFS[0..1]
I position @ string[0..1]

peeewe  EE@SQ
PDE 2008

The 1 on Exch
Kent Space Center, 29 April- 1 May 2009

Hostd by the Bosing Comparn:
2008 Theime: Collaboration in a Hatorogenaous World

cornpositeichild ﬁi:\
i Difference ﬂ[ﬁlncumentati:\

0 M
B container :xscdIDREFS[0..1) B contact @ string[0..1] B href : string[0..1]
B href @ string[0..1] B =xporter @ string[0.1]  id :ID[0..1]

 id :ID[0.1]

B idref : IDREF[0..1]

M |abel @ string[0..1]

B target : xschIDREFS(0..1]
M type : QMarne(0,.1]

B uuid : string[0..1]

B wversion ¢ string[0.,1]

/

| 0 Extension

B =xtender :string[0..1]
M =xtenderID :string[0..1]

M =xporterdD @ ostring

B =xporterersion @ string[0..1]
B href @ string[0..1]

B id :ID[0.1]

B idref : IDREF[0..1]

B label @ string[0.1]

B ongDescription @ string[0..1]
B niotice @ string[0.1]

B covner @ ostring[0.1]

B shortDescription @ string[0..1]
M tepe : QMarne[0..1]

B uuid : string[0..1]

B version :string[0..1]

B idref : IDREF[0..1)
B |abel @ string[0..1]
M tepe : QNarne[0..1]
B uuid : string[0..1]
B wersion string[1.1]

B href @ string[0..1]
 id :ID[0..1]

B idref : IDREF[0..1]
B [zbel  string[0..1]

0 Delete

B type : QMarme[0.1] |

) Replace

B uuid :string[0..1]
B wersion @ string[0.1]

M position @ string[0..1]
M replacement @ xsd: IDREFS[0..1]

! CONSTELLATION
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0:0 Concluding Remarks i} -

O Ontologies can and should be used for inferencing and
specification to enable vendor-independent product data

exchange

’0

»» OWL can be used as a vendor-neutral specification language

/

% OWL is more expressive than XML, UML and ER models
d OWL + Rules (SPIN) provides expressive support for data
acquisition, interpretation, transformation and verification

+ Data Exchange Engines should have ontologies of industry
standards

d OWL can interoperate with XML technologies through the
use of (NASA) XML SchemaPlus and controlled
vocabularies

+ Controlled Vocabularies are key to PDE

J Product Data Exchange makes no sense if you don’t have
Data Quality

, % requires compliance to Naming and Identifier Rules (NASA NIR)

** needs ontologies for vocabulary management and translations
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