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Q:Q Introductions

Q Ralph Hodgson

% co-founder and the CTO of TopQuadrant, Inc., a US-
based company that specializes in semantic technology
consulting, training, and tools.

“* Perior to starting TopQuadrant in 2001, held executive
consulting positions at IBM Global Services where he
was a founding member of Portal Practice and Object
Technology Practice.

“* Perior to IBM, European Technology Director, founder,
and Managing Director of Interactive Development
Environments, which was an international CASE tools
vendor.

% Recent books he has co-authored are Adaptive
Information, published by John Wiley in 2004, and
Capability Cases: A Solution Envisioning Approach,
7?/ published by Addison-Wesley in July 2005.

CONSTELLATION
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http://www.amazon.com/exec/obidos/tg/detail/-/0321205766/qid=1122653418/sr=8-1/ref=pd_bbs_1/104-2961096-8219145
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Q“ What is a Data Architecture and the

CxDA project

The Data Architecture (DA) provides guidance and a framework to
a range of Constellation stakeholders that are data producers and
consumers: engineers, managers, technicians, data architects,

tool and process developers and users.

The CxDA project and its models, infrastructure, and services
define consistent, unambiguous data representations and
implement repeatable processes for data exchange in order to
enable data sharing within and across Constellation Systems,

Organizations, and Missions.

NASA CxDA and NExIOM Ontologies 4
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A Data Architecture answers questions
of the following kinds

Is this piece of data of this type?

How is the data from this part of the organization related to data from
another part of the organization?

What are the security constraints on this data resource?
How do | translate the data from this system for another system?

Am | registered as a recipient to receive a specific data exchange
package if | am working in a given context?

Can | share this data with a specific party?

Does this person have the right to perform this operation on this data?
What are our organization’s obligations with respect to this data?
Where did this data resource come from and what is its accreditation?
Who owns this data and how many data exchange packages use it?
Did this organization exchange data with this other organization?

Are these tools accredited for this type of analysis

NASA CxDA and NExIOM Ontologies
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“‘ Sounds like Metadata, then what does it mean
® to say “Metadata is Data about Data”?

O Descriptive Metadata
“* Format, Data types, Value ranges, Units of Measure
Q Provenance Metadata

“* Who produced it, how and when it was produced, how it can be
trusted

QO Relevance Metadata
** Who uses it and what value it has

O Governance Metadata
“* Who approves, reviews, and has stewardship
“* Who can access it, confidentiality, licensing and rights

Q Infrastructure Metadata

?jf < The resources needed to manage and control data

“* Long term preservation metadata
NASA CxDA and NExIOM Ontologies 7
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.:‘ But someone’s metadata is

someone else’s data.

d What is metadata, what are attributes depends
on the context of use

“*For example, the metadata that states that
something is ITAR restricted is not metadata to
someone that needs to have a system that provides
controls on how documents become available to
different parties.

“*The ITAR restricted flag is operational data in the
context of a governed content management
system.

)/?, 0 Hard to say when Metadata is Non-
CCCCCCC o Operational Data

NASA CxDA and NExIOM Ontologies 8
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<4 What is Metadata Really Then?

Qs it
“*Data needed to make Data?
“*Data needed to manage Data?
“*Data needed to relate Data?
“*The language (ala metamodel) needed to
express Data?

Q Metadata quickly becomes ontology

NASA CxDA and NExIOM Ontologies
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A Data Maturity Model*
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* Adapted from: Joel A. Gladding, “Data Maturity Model”, SAIC Lead, Defense Intelligence Data Architecture, Presentation April 2005
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Q:Q Metadata expressed in Ontologies

0 Still serves as a Data Standard
“*defining attributes and properties of data
“*Through precise specifications

Q Still helps to

“*develop software applications, databases
“* By transformations

Q |n the form of

“*Models of data and their metadata linked with
general relationships, constraints, and rule

“*As machine-intelligible representations

NASA CxDA and NExIOM Ontologies 11
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CxDA in the CxP Llfecycle

-

Manufacture

th

NExIOM*

CONSTEL;A},ON Cx Data Architecture integrates existing related DA work, fills in the gaps, provides
overall DA guidance, generates common models, and develops common
infrastructure

NASA CxDA and NExIOM Ontologies
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‘0‘ CxDA Metamodels are built using i
gl OWL — think of this as XML++ -

Q OWL = Web Ontology Language User Interface & Applications |
< A language for describing the “what”
of a domain of interest Trust l

% Classes of things, properties of
things, relationships between things

“ A standard defined by the World-
Wide Web Consortium (W3C)

Ontology:
O How does it relate to XML? OWL I
SPARQL

. . : 9
** OWL can be serialized using XML RDE- 5 Rule :_%

Proof

< OWL is built on the Resource
Description Framework (RDF)

“* OWL constructs allow us to say
things that XML Schema does not
accomplish very flexibly

7{ URI/I RI

CONSTELLATION
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0‘0 The Need for Different Kinds of Models

If you are doing
these activities

Risk Analysis

Design

Decision Support
Impact analysis
Information Discovery

Information Merging

You need these
Models

Fault Trees
FMEA Models
PRA Models

Architecture Models
UML Models
CAD Models

[ Knowledge Models

NASA CxDA and NExIOM Ontologies
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Architecture to Systems Endineering Models

‘0‘ The NASA NExIOM Ontologies connect Enterprise
o4

Organization has Policies Enterprlse Knowledge* Mission

Organization has

ProjectOffices

ProjectOffice has Goals

ProjectOffice uses System # Business Organizatio

Organization defines Mission Concepts @ :

Mission has Phases \
Process has Activities Process Knowledge
Activity produces Workproduct
Workproduct isApprovedBy Role Process
Workproduct isProducedBy Tool #
Tool analyzes MissionRisk il lfecycle
Tool calculates FigureOfMerit
FigureOfMerit isSpecifiedIn /
Document Engineering Knowledge
Document isHeldIn System

Engineering E@;J
semantics Concepts
T Syste
+ metadata -
+ Other representations
CONSTELLA;,ON + Part structures cLv i Parameter
2 | cx Element [ S A

NASA CxDA and NExIOM Ontologies 15
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CxDA “connects the dots”
across Information Objects
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Concepts ,.a | = ———
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J \ . m =
— _,f/ \ FMEA Models
Systems Engineering |
p—
7 - .
SE& Eol T Fe f{F X O — .
Process b fm el 0 =
Concepts S Lifecycis O
]
R i Functional Flow Diagrams
Engineering Ir
Enginesring l
Concepts ¢' =
; E'I'E‘erp_,f N el [, Iy
-3 e 20
& = \o
__,§_I Paramatar
= Product Breakdown Reliability Block Diagrams
Drawings .

Structures
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‘0‘ The Cx Data Architecture is a framework for the
‘ definition, usage, preservation and management of the
constellation program data

/_\ { Data Architecture Model m

describes | :
* |. |
provides
Data mechanisms for :
Definition : sets
\ 4 conditilons for

evolves enables retrieve I
Data Use i
migrate i

i 4

i
exchange ‘

archive Data
Preservation

Data Architecture Management
ﬁ DA Systems Data Data Data DA
Engineering Architecture Modeling Acquisition | |Infrastructure

NASA CxDA and NExIOM Ontologies 17
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> NASA CxDA Framework

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

l

CxP 70160 . .
Implementation Plan =1l » Constellation Data Architecture
Governance ] CxP 70160 ANX12
CxP 70160 ANX01 — B Cxithi:::lsogv
CxDA Concept Of Provenance
Operations ¥4
Models CxP 70160 ANX09
-l oOWL = CxDA Algorithms &
CxP 70160 ANX02 | A ! Equations
CxDA Software Plan | wn Algorithms Specification
| Q
= & Equations .
af | .Y CC /_/‘_— T CKP 70."60 ANXOB
CxP 70160 AI\I)‘-CI 3 i @ = ’( CxDA Information
EARADomato é =0 Information Structures s Types Specification
Meodeling Guidance v K] ©
oo @ ©
£l @ 8 11— | oxp70160ANX08
o o CxDA Information
@) Information Types /é/ '
Cap ?0160_ANX05 T O oo yp i Types Specification
CxDA Encoding Rules cC -
l‘_l_' - —
% | = — CxP 70160 ANXOT
CxP 70160 ANX04 e == Data Types & CxDA Data Types
5 CxDA XML Naming & | | v Specification
Design Rules XML
_ Names and Identifiers ¢ ' CxP 70160 ANX06
CxP 70160 ANX03 1 —» CxDA Metadata
CxDANaming & Specifications
ldentifier Rules
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NExIOM Models Allow Traceability from Constellation Elements
to Component, Parameters, Values and Units

¢ Hierarchical Identifier
* Non-Arbitrary (from Names)
* {Software+Human}-Oriented
*  Which Thing + Navigation

Constellation System : CEV+CLV

0

( 0.01 Stuck

Bl—2>p¢
Open 0.01 Open

of Crew Launch Vehicle ﬂ><

Closed \B‘ T w
0

of Propulsion System

Stuck
closed

of First Stage

7
R Sub-System: Propulsion
~ 0/44/08 _Resource :Fuel System -
e @wf o Subsystem
CxSID B! Bl G PR
Supply Valve
Device: O2 Lo P Supply Valvf p y
ozl o Pressure
S\E;Eg 115 psia I | LineTemp (deg C)
T\ (M I
o Bl gE e bIIli
_*‘““ L003 | T#3ka Qapo{p
s g Hsindtacl ] V\ 02 Lo P Reg
. C N = = - D umlanii e |
2 Nl ¢ Industry use of Identifiers as designators
* Arbitrary (e.g., P/N 0612375-766-9845)

* Descriptive
=  Human-Oriented
=  Which “Occurrence”

* Logic-Oriented (e.g., Software)
*  Which “Instance”

NAS

CUAUA dITu NEXTUIVI UTTIUIUYITS
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0:0 CxDA System of Registries (SoR)

0 Provide consistent definitions of data
% across time, between organizations, between processes.
0 Connect "silos" of information

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

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

f-;.—_ e Ma CxDA Registry ' e - EVR\

L -
CLY/US

CLVUSTU

CLV/US/CORE

CLV/US/CORE/LHZTNE

CLV/US/CORE/LH2TNK /F4LN ;
#| CLV/US/CORE/LHZTNK /FdLN/SplyVLY 4

3?’

CONSTELLATION
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0:0 The Roles of the CxDA SoR - 1

Q A source of authoritative information

R/

** Nomenclature, names, identifiers, schemas, types, terms, protocols, definitions, etc.
Instead of reading documents, expose granular details/specs of a file via
model/schema -> allows querying by software and people

Metadata Name and
UDDI REEEY Identifer Registry
Registry Data
: element Ops Nom,
Busn_v_ess | A cxID Database
XML specification ’ 4 Table
Registry | xMLtag r\ / /-7 Column
NS
™~ Sensor Telemetry and
Name + Parameters — > PacketID| Command
dictionary
: S/IW L/ / \
CASE Registry| sttribute L SN .
| ¥ \| Vehllcle
Business - config
- n file
object Sim name RRee(':;)t?
CONSTEL;.A'I:ION Document gl y
S/W Component DSIL Management
Registry Registry System

NASA CxDA and NExIOM Ontologies 21
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0:0 The Roles of the CxDA SoR - 2

Q A facility to relate information in multiple
systems

Are these the same valves?

Hardware _? Software _? Telemetry/
Nomenclature: | Nomenclature: - VEIDBETImEe
Flow Control 3-Way Mix Valve Nomenclature:
Valve Heat eXchanger
Bypass valve

The Registries support answering these kinds of questions quickly,
7?/ accurately, and provide a method of identifying/accessing the

originating information

NASA CxDA and NExIOM Ontologies
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Q‘Q The CxDA Namer uses an Ontology-
¢ ___ Driven Grammar Engine

Name Manager
Dialog Query
Controller Manager

~

+
I+ =
+
+

+ 4+
CONSTELLATION

, )
CxDA Information Models
} ammm) | [ Query \[ Inference |
__ Engine ) Engines
N
p Ontologies Rules
ANTLR Grammar @
\_ Y Y
| torer | [ parser
N NS ~/
<
CxDA Data Layer
J
NASA CxDA and NExIOM Ontologies 23
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0:0 The Registry Name and Identifier Generator

Create New Constellation Name

Please complete the form below.

/— | want to name a

Device Type: E‘iFunctien Effector

Hydraulics Valve

Create New Constellation Name

Please complete the form below.

Device Sys

System or Compor

tem Role: ..r;iai.n
1ent Role: Liguid Hydrogen

Interface Role: | Inlat

Funct

/_ Ontology and

Grammar control the
Dialog with the user

EShot oft

| Drain

ion name: Pressurization
| Vent
| Transfer

Create New Constellation Name

Naming wizard complete. Please note your resource’s oGID and cxCommoniNamy below.

Your resource's Common Name is:
Liguid Hydrogen Main Inlet Shut offAndVent

Your resource's cx5ID is:
EH2-MainInltShOfVntvLY

BN

— Constellation Names
and ldentifiers are
generated

\

mrrscron wves | T |—(_ dovi —=( —( —

Effector Disvipline’ |—» D |-+ =rrEcror tvee |+ 1 | —=( dewi 1o )—{( sy —( 1e —(

{me=mu11)? || DEvicE 7zrm || I | 'merector biscipline’
'

+ 4
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Start Over

NASA CxDA and NExIOM Ontologies
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‘Q’ Namer uses Attribute Grammar with Java code Wy
{ making SPARQL queries on the Ontologies @~ =&

systerm:Device

deviceicurrentState @ device:DeviceState[0..1) 4_/'

Grammar Rule

computeCxSID[String m,int mark]:

{System.out.printin(mark);} {m==null}? => 'Device Type'ID

‘Effector Discipline' t=ID 'Effector Type' t1=ID Device/System Role
deviceSystemRole* “——{ can be ‘main’,
systemOrComponentName ‘auxiliary’, ‘primary’
effectorNamerCxSID[$t.text] _

{cxSID = $systemOrComponentName.cxSID +

$deviceSystemRole.cxSID + L 0.1] \| Interface Role
$interfaceRole.cxSID + $effectorNamerCxSID.cxSID + depends on type of
".,’ Slifier[0..1] device. For a Valve
DeviceDataProvider.loekUpCxSIDFrom ; can be ‘Inbound’ or
.-} ‘Outbound’
linput.consume():}: =
\VAP o
S L Consult the
X widtaulics:Dewvice )
hydraulicsiisCormnectedTa : hydraulics:iLine 0nt0|og|es for
s*_-,fstern:hasCapaI:uiIif;;fo,:.b}-'drauIics:CapahiIit}f Vocabu|ary of terms
systermihasFunction @ hydyaulics:HydraulicsFunction L . .
. ERRON associated with
systernthasGroundingDisciplge )
SPARQL systern:hasinterfaceQualifier : hydraulics:Interface Qualifier[0..1] devices
. systernthasOperation @ hydraulics:Operation
G querles byedraulics:thandles @ hydraulics:Chemical
wdraulicsthandles : hydraulics:Chermnica L :
Baas T~ Ontology of Devices

NASA CxDA and NExIOM Ontologies 25
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What is NExIOM

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.

Through the use of agreed knowledge representations
information become intelligible and actionable to machines, tools,
and people. Information can be found, associated, aggregated
and reasoned over to generate products and inform decisions

within and across diverse organizational groups.

NEXxIOM consists of Models, a Semantic Infrastructure, and

Services, integrated with operational tools and systems.

NASA CxDA and NExIOM Ontologies
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R The NExIOM Ontologies

4 nioa:nexiom

/\

| & noainzea & noa:nzims | ‘gnzce | & noanzcai |
Level 2 Enterprise Level 2 Integrated Level 2 Level 2 C3I —
Architecture — Modeling and Constellation Command, Control and
databases, tools and Simulation — Elements Communications
systems used by lifecycle based
organizations
Operate

Maintain

».f.ﬁ' g : ; i :
Test mea. i"‘“'" “\ Pgr‘ﬂde

Manufacture Upgrade

Manufacture

.' Deién

27
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KN NASA Enterprise Architecture
Ontology (extract)

nlc:GovernedConcept | nilc:Context
nicimnemonic : Name0,.1] | nlea:IT_Capability
M n1ea:providesInformationTo @ nlea:IT_Capabilicy
A (M rilzareceivesInformationFrom ¢ nlea:IT_Capability

M riza:suppliedBy @ nlorgivendor[0..1]

M nlea:usedByOrganization @ nlciOrganization
B nlea:clientfccess ¢ string[0..1]

B rica:futurePlans @ ostringl0,.1]

nic:Organization nleailse il B rileaplatform ¢ owloneOR{ pc” "mac” "unix" "linux" "other":
nlciowns ¢ niciGovernedConcepk

[ nilea:hasFacility @ nlorg:Facility[0..1]
[ rlea:ledey  [0..1] o | nleavalusExchangs
[ nlea:processes nieaiusedByOrganization (M nlea:hasSourceOrganization | nlciOrganization

[ rleasourceCrganizationFor ¢ nleatValueExchange M niea:hasTargetOrganization : nlc:Organization

M n1ea:targetOrganizationFar © nleavalueExchange FleahasTargetorganization nieatsrgetOrganization™or | nlea:providedvalue ¢ nleavalue

[ nleaiuses @ nlc:Artfact plessszalicetioanztion niea:sourceOrganizationFor M nlea:returnedvalue @ nleaivalue

[ n1ea;usesCapability ¢ nlea:IT_Capabilicy
nlstructure: subunikOf

B niea:code  string[0..1]

=

v

| nlorg:Facilicy | nlorg:Organizationallnit |
M n1eatisFacilityof : nlciOrganization | |
B rlza:locationDesignator ¢ stringl0,,1]

| nlorg:Laboratory | | nlorg:Building | | nlorg:Station | | nlarg:R.oom | | nlarg:BusinessUnit | nlarg:Team |
|1

CONSTEL

| nlorg:Division | | nlorg:ProjectOffice | | nlorg:FieldInstallation | | niorg:Center | | nlorg:Directorate | nlorg:Deparkment | | nlorg:Board

NASA CxDA and NExIOM Ontologies 28
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0:0 CxDA Information Assets

nasaldentifiableConcept

/nasa:ahnut

goviGayernedEntity cxdalnformationOhject

N

n::-:u:la:Inf-o_;r‘n ationdsset

An ‘Information Asset’ is both a kind of ‘Governed Entity’ and an

‘Information Object’.

An ‘Information Object’ is a kind of ‘Identifiable Concept’ —

something that has names and identifiers

+ 4
CONSTELLATION

NASA CxDA and NExIOM Ontologies
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0:0 CxDA Information Object

cxdadnformationObject 4 Information ObJeCt
M cxda:accessor : [0..1] Class
M cxdaicharacteristics @ cxda:DataPackageCharacteristic
MM cxdaiconsumedBy @ cxda:OperationalMode /_ Type Categories

MM cxdathasinformationObjectType : n:xda:Infu:nrmatiu:unDh_iectT}fpe‘(

M cxda:haslnformationstructure @ cxdalnformation>tructure

M cxdathasinformationType : cxdanformationType[1..1]
M cxdaiinformationstatus infnasset:Status[lV Producers and

Ml cxdamodifiedBy @ cxda:OperationalMode / Consumers are

MM cxda:producedBy @ cxda:OperationalMode[1..1] < Operational Nodes
M cxdairesultsFrom @ cxda:DisciplineBasedinguiry

\1

data:hasFileType : data:FileFormat[0..1]
datathasMimeType @ mime:MimeType[1.1]
infoassetthasfssetType

hasaiabout @ nasaldentifiableConcept
nasa:pointCOfContact @ org:Parky

org:level @ org:Lewvel

repositonaisstoredln @ [1.1]

secutitythashecuritylevel @ securbySecunty[0..1] ‘

e :ar'l'_-,-'Llﬂl[I:l..l] //// The CXDA MOdeI ’haS
security:[TARrestricted @ boolean[0.1] < SUPPOFt for NASA’s
securityiproprietary @ boolean[1.1] Security needs

+ 4
CONSTELLATION
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CxDA Information Asset specializes CxDA
Information Object with other Governance

o
<2

— « Information Asset

cxda:Informationfsset ClaSS

gowviapprovedBy  cxda:OperationalMode

govineedsConcurrenceFrom @ cxdaOperationalMode

gowireviewedBy | coda:OperationalMade Provenance Metadata
govisupercededBy @ cxdalnformationfsset </‘_ T
gowisupercedes @ cxdanformationsset as aS_SOCIatIOnS to
infoassetiexistsln @ lifecycle:Phase o other inofrmation
infoassetthasInformationfssetDescription @ cxdalnformationfssetDescription[0..1] assets
infoassetiistodifiedln : lifecycle:Phase

infoassetiisMeededFar : lifecycle:Review

infoassetiisProducedIn @ lifecycle:Phase
infoassetisUsedln i lifecycle:Phase

infoasset:annex : boolean[0..1] Data Assets are also
governed by NASA's
processes for
approvals, reviews
and concurrence

+ 4
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Data Exchanges occur between operational nodes

@,
“’ — Organizational Units and Assianed Roles

Data Exchange Package has
producers and consumers

Data Exchange has characteristic properties and
sending and receiving parties

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 "5, nic:Datadisset
. . nlciencompasses @ nloDatafisset
be _an Organlz_atlonal nlcxda:UperationalMode nlcxdaiaccessor @ nloxdafocessor[l,.1]
Unit or an ASSIgned nlcxdaiconsumedBy @ nloxda:OperationalMode
Role nlcxda:modifiedBy : nloxda:OperationalMode

nlcxdaiproducedBy @ nloodaOperationalMode[1.1]
nldatathasFileType : nldataFileFormat[0..1]
nldatathashimeType @ nlmimeMimeType[1.1]
nlgowiapprovedBy @ nloxda:OperationalMode

nlorg:Organizationallnit nTorgBssignedRole L} nlgu:u'-.-':nee.dsCDncurrenceFrnm ! nI!.cxda:OperatiDnalNDde
nlorgihasDeputy : nlcCivilservant nlorgihasRole : nlcRole[L.1] nlgowreviewedBy @ nloxda:OperationalMode
nlarghasDirector : nlo:CivilServant[1.1] nlorgis&ssignedRoleOf @ nlo:Organization[1..1] nlgowisupercededBy : nlc:Datafsset
nlorg:hashlemberOfstaff | nloCivil3ervant nlorgisleaderOf : nlorg:Teamn nlgowvisupercedes : nle:Datafsset
nlorg:hasiubOrganization @ nlorg:OrganizationalUnit nlorgisPerformedBy : nlcPerson[1.1] nlcurg:le.'-.-'el :nlDrg:|._E\.-'E| _ L
nlorgsis SubOrganizationOf : nlorg:OrganizationalUnit nlseu:.urlt},-':.hasﬂecurlt},-'Level .: nlsecurlt},-i:Canldentlallt}f[ﬂ..l]
repositoryisstoredn @ repository:Repository[1.1]

nlciurl @ amyURID,1]
nlsecurity:ITARrestricted @ boolean[0.1]
nlsecurity:proprietary @ boolean[1.1]

Organizational Unit —
a center, division,

office, etc. An Assigned Role is a person from an Organization
performing a discipline (role) 32
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S

CONSTELLATION !

Cx Data Assets are registered in the CxDA Registry Using a rich set of
Data Models that support the key DoDAF viewpoints

S nlciDatafsset (1000

daart:Datadsset (=100)
daartConfigurationManagementPlan
daart:DatabanagermentPlan (12)
daart:DocurmentDatafsset (=100)
daartFormulztionfpprovalPlan (1)
daartImplermentationPlan (3}
daartIntegratedfnalysisPlan (&)
daart:InterfaceContralPlan (5
daartbanagement3ysternsPlan (1)
daartbarginkanagementPlan (2
daart:Plan {40}
daart:ProgramManagementPlan (3)
daart:ProgramPlan (4)
daart:ProjectPlan (4
daartQualityssurancePlan (1)

daartRequirementsEngineeringhdana I

daart:Riskhanagementind SystermsEr
daart:RiskManagementPlan (16)
daart: SafetylndhissiondssurancePla
daart: SafetyReliabilibpbnd Qualitylssu
daart: SoftwareManagementPlan (4)
daart:StrategicPlan (3]
daart:SystemEngineeringManagermen
daart:SystemBequirernentsReviewPlar
daart:SystemsAnalysisPlan (5)
daart:SystemsDefinitionPlan
daart:SystemsDefinitionReviewPlan
daartverificationPlan (1)
nltoolTaskDescriptionSheet
hlc:DatadssetDescription (=100)
dadesc:DatabaseRecord

1 3

Resource Form
Marme: project_chaDRD_1097L5-003

+ Annotations

dc:description =~

=R

m

B The Logistics Management Information (DRD_109TL5-003) s used to |~
docurnent the results of the analysis performed to support the
design-for-supporahbility process and to determine the total
resources necessary for maintenance and supportability of the
systern owver its operational life cycle, Data generated will be used as
input into other systern analyses such as cost,

rdfs:label =

B Logistics Management Information

= Other Properties
rdf:type ~

| project_chaDesignReview

owl:differentFrom =~

[ Ep— ,

Forrn | Graph | Source Code

& Instances 52

Rules | Domain | SPAROL | Imports

& &7

[Resource]

& project_ch:DRD_1097MA-008
L 4 project_cheDRD_1097RAS-0OT
& project_chzDRD_1097MA-006
& project_ch:DRD_1097MA-005
& project_ch:DRD_1097MA-003
& project_chzDRD_1097MA-001
o¥ project_chsDRO_1097L5-003
& project_chzDRD_1097L5-001
& project_clkeDRD_1097DE-017
P

I AP A AATE e A s

rdfitype

dadesciPlan, pro..,
project_chabdeth,.,
dadesciDocume..,

dadesc:Plan
dadesc:Plan

dadesc:Plan

project_chaDesig..,

dadesc:Plan

project_chaDesig..,

(Y

NASA CxDA and NExIOM Ontologies

rdfs:label

Program,/Project..,
Wifark Breakdowy..,
Continuous Risk ...
Information and ...
Certification of F...
Project hanage...
Logistics Manag...
Government Pro...

Programrmable ...

- ' e

A screenshot of the CxDA Data Capture and Modeling Environment

33
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CxDA Information Asset specializes CxDA
Information Object with other
Governance

o
<2

— “ | Information Asset

cxda:Informationfsset ClaSS

gowviapprovedBy  cxda:OperationalMode

govineedsConcurrenceFrom @ cxdaOperationalMode

gowireviewedBy | coda:OperationalMade Provenance Metadata
govisupercededBy ¢ cxda:InfnrmatinnAsset </‘_ as associations to
gowisupercedes @ cxdanformationsset

infoassetexistsln @ lifecycle:Phase other information
infoassetthasInformationfssetDescription @ cxdalnformationfssetDescription[0..1] assets
infoassetiistodifiedln : lifecycle:Phase
infoassetiisMeededFar : lifecycle:Review

infoassetiisProducedIn @ lifecycle:Phase

infoassetisUsedln i lifecycle:Phase

infoasset:annex : boolean[0..1] Data Assets are also
governed by NASA's
processes for
approvals, reviews
and concurrence

NASA CxDA and NExIOM Ontologies 34
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0‘. NASA Modeling and Simulation Teams for different
9 Constellation Elements use tools that need to
interoperate

Community Of Practice - 2

Community Of Practice - 1

| Subsystem Team 4
| Subsystem Team 3
| Subsystem Team 2
Subsystem Team 1

Developer Developer Developer Developer
Performance Tool Risk Tool Cost Tool

Domain Specific Tool
inuts inpyts outputs

inputs inputs outputs
¢ Assumptions * Assumptions * Assumptions * Assumptions
*\Caveats * Caveats * Caveats * Caveats =
. \Y, * V&V * V&V > V&V ||
Horizontal Integration among Capabilities within each Subsystem =

Analyst
Decision Support Tool
NEXTOM Analyst
Ontologies nalys P Jis Analyst
= DeCISIoniSu ort Tool P Decision Support Tool
L inputs outputs | inputs 6 outputs
A s Pt . g Wanpontfl. I | \ Y . H .
Pyl B e e NN vilads | Assumptions
3 g sasstwypnt oot I] Tt i t py s + FOMs
| frrectoe sttt I * Budget * Budget
ettt e |
//‘ & S - \_Wogarsiads, \\ Vo, \ Aggregate
T
CONSTELLATION Results Aggregate

Results
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>3 OWL Model of a Tool

hasa:Tool <~
data:pedigree : tool:ToolPedigree(0..1] \
gowiapplicableDocument : nasaInformationfsset \4—— The class ‘TOOL’
govthasCuvner @ hasaOrganization[1.1]

gowviinformativeReference @ nasalnformationdsset

“[W nasaicormparableTo @ nasaiTool
nasaidocumentation : tool: ToolDocumentation ObJeCt property ‘iSUSGdBy’ makeS
nasathasfpplicabiliyTo :technologyDiscipline ar nasaiSystern 4 connection to ‘ASSignedRO|e, and/

B nasathasfssumption @ nasafssumption ’ : . :
nasathasConstraint @ nasa:Constraint or CommunltyOfPraCtlceS

™ niasaiisUsedBy @ orgutissignedRole or nasaiCommunityOfFractice

=9 nasaipointOfContact @ org:bssignedRole or person:PointOfContact

= securitythasSecuritylevel @ securityConfidentiality[0,,1]

toolauthor  nasa:Person|1.]

iv

toolhastocuracy @ toolAccuracyUncertaintybdeasure
toolhasDeveloprmentParty @ nasa:Pary[1.1]
toolhasDeveloprmentPointOfContact @ person:PointOfContact

toolhasverificationfndvalidationPlan @ infoassetWerificationSpecification[0..1] ObJeCt property for the
toolizBazedOn : naszabodel , .
| ____—4 | tool's computational model

toolisGroundedn @ tool:Paradigm
toolislnvokedBy : tooliToollnwocation /

toolimethod @ tool:Computationalbethod
nasaicormments @ string
nasaidescription @ string[L.1]

hasaipurpose @ string[1.1]

hasamersion | string[1.,1] ¢ | Pata proper.ty .attr"lbUte for
securityITARrestricted @ boalean[1.1] = ITAR Restriction

+ o+

security:proprietary © boolean[1.1]

CONSTELLATIO
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.:, A Software Tool has a Set of
Inputs and a Set of Outputs

hasinputSet
Software
Tool
] £ o

S e \

nlc:SoftwareTool e
nlsecuribythasSecuritylevel @ nlsecuribyConfidentiality1.1] ] = = mttnollnpitset = =
E L = | hltoolhasConfigurationParameter @ nltool:ConfigurationParameter
nltoolhasDeveloper @ nlo:Organization
™ nltoolhasInputiet : nltoolInputSet \'4 = nltu:u:ul.hasCu:ur?stant ' nltu:u:ul.InputCu:.unstant
w1 nitoalhasOutputSet : nltool:OutputSet TR s nltoolhasWariable : nltoolInputvariable

nltoolhasSourcelanguage @ nltoolProgramminglanguage[l.]

W nltoolrunsOn : nlita:OperatingSystern[1.] T — nltoolOutputset
nlsecuriteproprietary : boolean[1.1] A nltoolhasOutputset [0 nltoolkhasWariable @ nltoolOutputiariable
nltoolobjectCodelocation : anyURI fis ot =

T 1ltoolhasSourcel i 1
nltoolsourceCodelocation @ anyURI s -.h\qr‘ oolthasSouteslanguage [14]

| ' nltool:Programminglanguage

|
r I 1

o hasOutputSet
Software

CONSTELLA'I:ION TOOI
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Input and Output Sets are ‘ParameterSets’ —
a class that specifies common properties,
e.g. assumptions and constraints

isSubClassOf E ;
arameter
InputSet / Set

.

o
<2

e

I\‘-\ :5. l’i nltool:Param o |
\\\ .:,I 'I W nlchasfssumption @ nlocAssumption ;-"
“-.\ :!_:i_ nlcihasConstraint : nlo:Constraint |
h :;I ';\ | nlcisContainedln  nlciDatadss .-;:
\‘-,‘ 1 nlcipointOfContact : nlparty:PointOfContact or nlorgifssignedRaole |———o e |
X I:I'i: nldatathasElernent : [1.] = =
\\ l!’.:' nltoolisProvidedIn : nlcdda:DatabxchangePackage[0.1] I : = = ——— .
~ ‘11{ nlcicomments @ stri ) ) . i
i *.:=:I L H.,_h____hn].tccul::sF'ru:uwdedIr: [0.1] .
\"-.,\ il | nlcxda:DataExchangePackage
'-.\ ‘l.L nlcincludes : nlcDatadsset[1..]
I‘x\‘ i % nlcxdaicharacteristics : nlexda:DataPackageCharacteristic
L‘*.\ .‘:-;!l nlexdaiconsumedBy | nloxda:OperationalMode[1.]
L ! nlcedaihasDatabxchangeBvent @ nlczda:DataExchangeEvent[1.]
nitoolinputset nlexdaiproducedBy : nlexda:OperationalMode

nltoolthasConfigqurationParameter : nltoolConfigurationParameter
nltoolthasConstant @ nltoolInputConstant
+ | hltoolhasWariable @ nltoclkInputifariable

nltoolOutputset
| nltoolhasiariable @ nltoolOutputiariable

i nltoolInternalariableZet

CONSTELL
@ nltoolhasWariable : nltoolInternalVariable
| nltoalihasverificationfndYalidationPlan : nltoolMenficationfndialidationPlan[0..1]

NASA CxDA and NExIOM Ontologies
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‘0‘ NExIOM CxDA Exchange Example: OWL
. Model showing explicit relationships

@ cev Imoody FIAT ICOMY
rdfsilabel = I¥_FIAT ICCOMY

The FIAT Tool

@ cev Imcodv FIAT BFF
haslnputSet rdfs:label = Iv_FIAT BPF
@ cev Imoody FIAT ZHW
rdfsilabel = Tv_FIAT FHW
@ cev ImooFIAT e

rdfs:label = FIAT @ cev ImcoFIAT IPSET HEE AR

nlcicamments = Classification: GOTS... nltonkhaslnputSet  |rdfsilabel = FIAT_IPSET

nlcidescription = MASA provided aeroth.., # cevImcoil FIAT DEXP

rdfs:label = I'v_FIAT _DEXP

& cef IrmcolV FIAT BACKT
rdfsilabfl = Iv_FIAT BACKT

Input Set for the FIAT Tool

M cev Imcoly FIAT IDCAL
rfs:label = IV_FIAT IDCAL

+ 4
CONSTELLATION

hasVariable ‘IV_FIAT _DEXP’
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A System Is modeled
using an SBFI formalism

The NASA System Ontology extends SBF with other SE modeling

o
<2

constructs. Some SysML concepts are modeled directly others

need to be “free-ed’ from their UML dependencies

T 1 £ ¥
systernSystern

nonfunreqithasMonFunctionalRequirnent @ nonfunreq:MonFunctionalRequirernent

sysengthasverifoationMethod @ sysengVerificationMethod[1.1]

systernicurrentCondition @ system:Condition[1.1]

systericurrenthode @ systern:bode[0.1] Spacecraft
Adapter

systermthasfdasermbly @ assemblydssembly (s4)

Service Module (SM)

b

systernthasBehaviorFeature @ systerm:BehaviorFeature
systermthasCapability @ systermiCapability
[ systernthasComrmand @ systerniCommand

| R )

systermthasComponent @ systemiComponent
systernthasConstraintSet : system:ConstraintsSet
systernthasDevice @ systerniDevice
systernthasFunction @ system:Function
systernthasFunctionalFeature : systermFunctionFeature B crenlas

systermthasIntent @ systermiIntent O T oy M o oy

[ systerrchasMode @ systerniiMaode N
P

systernthashodule @ spstem:iModule [ # oronsca_|

systermchasOperation : systermiOperation i %

y systermihasOperationalGoal : system:OperationalGoal ‘ ’mww S
systernthasStructuralFeature @ systermiStructuralFeature % \ : anrmn‘CMrGNCS;ymgm,nrmh GNCSHSYS ] §
systernthasSubsystemn @ systerm: Systern ‘ sy;
systernissubsysternOf @ systerm:Systemn # orionCH-BFES

systerniquantifiedGoal @ systern:QuantifiedGoal

r i Lo

NASA CxDA and NExIOM Ontologies 40
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0:0 NExIOM Ontology Architecture for C3I

| & nidataexchange: | & nitelemetry: _] | 4 nitelecommand: | | & nlmissin: |

: i SN ; s
—— L T/ | ]
/)

1&\ v Tesw
: \!4\ | & ntfom: | [~ & niunits_esmd:

; ﬁi | nlparameter: |
! """'--....______

& nltemporal: | i & nidata:

—H
| 4 nistandard: _] | & nilfecycle:
\ :

| & nlinfo: | 4 nlunits:

| &P nxed: |

¢ Modular Architecture
¢ Reusable Models

¢ Different degrees of specificity
* n1,n2,n3 ... models

+ 4
CONSTELLATION
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NExIOM models Missions and Maneuvers relating ConOps to

Vehicle Elements, System Functions, Parameters and Units

S

Mission has Phase imsp:Mission
imsp:hasFigureOfMerit @ imsp:FigureOfMerit irnsp: MissionTarget

M|SS|On haS Ob_]eCtlve imsp:hasFirstManeuver : [0..1] imsp:hasgite @ imsp:Site[1..1]
Mission has Vehicle... epihashissonTarget : Mspiftesiontarget

imsp:hasObjective © imspiObjective irnsp:Objective
imsp:hasPhase | imsp:MissionPhase
imsp: hasWehicleComposition  imsp:Compositevehicle

imsp: FigureOFMerit

imsp:description : skring

imsp:MissionPhase
imsp:hasCompletionEvent : imsp:MissionPhaseEvent[1..]
imsp:hasEndWayPaint | imsp:Waypoint[1..1]
imsp:hasInitationEvent : imsp:MissionEvent[1..]
imsp:hasPhaseEvent : imsp:MissionEvent
imsp: hasSkart'WayPaoint ¢ imspWaypoint[1..1]
imsp:nextPhase : imsp:MissionPhase[0..1]

imspYWaypoint
imspistWaypoinkof  imspiMissionPhase
imspioccursAfter ©imspiMissionEvent
imsp:occursBefare ©imsp:MissionEwvent

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

imspiCompositevehicle
imspisCompriseddf @ imsp:Vehicle
imspisEndvehicledf : imsp:MissionPhase
imsp:isStartyehiclecf © imspiMissionPhase

imsp:MissionEvent

imspiMissionPhaselnitiationEvent
imsp:isInitiationEventof : imsp:MissionPhase

imsp:Maneuver
imspihasFinalvehicle © imsp:Compositetehicle[1..1]
imsp:hasstartvehicle @ imsp:Compositevehicle[1..1]
imsp:invaolves § imspiCompositeYehicle
imsp:MissionPhaseEvent imspisRealizedBy ! imsp:SystemFunction
imsp:isPhaseEventOf | imspiMissionPhase

imsp:nextManeuyver : imsp:Maneweer[0..1]
imsp:previousManeoyer | imsp:Maneover[1..1]

imspirequiresSystemPunction  imspiBurn

imspiMissionPhaseCompletionEvent //
imspiisCompletionEventof : imsp:MissionFhase imsp:daysSincelaunch : double[1..1]

Maneuver requires Burn
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niciCxID has "ORICN"

niciCxCID has "wORM"

nic:designator has "ORICH"

ru:IFs:suI:uCIasl

rdfs+sibiClass0F

LX nicey i ORIONCrewExplarationyehicle I

Part of the ORION Model

nilsystem:hasassembly exackly 1 nloew: QRIOMNLaunchabortsyskem

nlassemblyinterfaceswith some nlcx: Launchabaorksystem

nisystem:hasvehicle max 1 nlces i ORIONSErviceModule

rsubClassOf
tdfs:subiClass0F

rdfs: subiZlassof

rdfs;subi lass0f rdfs:subClass

nicx: CrewExploration'ehicle

Crew Exploration Vehicle

rilsystem:hasfssemnbly exackly 1 nlcey i ORIONSpaceCraftadapkar

nisystem:hasvehicle max 1 nlcewv: ORIOHC rewkodule

Use of OWL restrictions to
build SBFI models

Spacecraft
Adapter
4)

NASA CxDA and NExIOM Ontologies
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B Crew Launch Vehicle - ARESI

Upper Stage
{(1.0-2X)
250k lb LO=/LH,

5-Segment
Reusable
Solid Rocket
Booster
(REREB)

Q nilche: ARESI-FirstStageFrustrum
rdfs:label = ARESI First Stage Fr...

nlassemhly:IextF\ssemhly

& nilch:ARESI-FirstStageConicalderoshell

rdfs:label = ARESI First Stage Ca...

niassembly:nextAssembl
# nich:ARESI-FirstStageForwardskirt
rdfs:label = ARESI First Stage Fo...

niassembly:pextissembly

@ nilch:ARESI-FirstStageForwardSegment

rdfs:label = ARESIFarward segment

nlassembly :q;xt.f\ssemblv

’ nich: ARESI-FirstSkageCenterSegments

rdfs:label = ARESI First Stage Ce...

bl T I bl

ol
& nicleARESI-FirstStageaftsegmentandiozzle

rdfs:label = ARESI First Stage Af...

nd aq:thly'ﬁ tassemohly
& nlcl:ARESI-FirstStageaftskirt

rdfs:label = ARESI First Stage AfF..,

niiassembly:kirskAssembry

& nlcl:ARESI-FirstStage

‘ nichk:ARESI-UpperStagelnstrumentUnit
rdfs:label = ARESI Upper Stage In...

niassembly :,th.f\ssembly

& nlclviaRESI-UpperstageliguidHydrogenTank,

rdfs:label = ARESI Upper Stage Li. ..

nlassembly:mextassembly

& nichvARESI-CommonBulkhead
rdfs:label = ARESI Common bulkhea. ..

nlassembly :,Iexmssemblv

& nlc:aRESI-UpperStageliquidO:xygenTank,

rdfs:label = ARESI Upper stage |i..,

nlassemblythextAssembly

@ nich:ARES-UpperStageaftskirt
rdfs:label = ARESI Upper Stage Af...

nla embh-"iext.ﬁ. embly
4 nick:ARESIUpperstageThrustCone

rdfs:label = ARESIUpper stage thr...

nlassemblvjexmssemblv
& nicl:ARESIUpperStageEngineassembly
rdfs:label = ARESIUpper stage eng...
nlassembly:haolds = nlch: ARESISaturnl-2...

ola thl'u"/]\ir Fossemby
4 nlcl:ARESI-Upperstage

rdfs:label = ARESI First stage

nlspatial adjacentTo

nlsyskem:hadssembly

rdfs:label = ARESI Upper stage

nisystepthasassembly

& nichARES-T

rdfs:label =
niciCxCID = wARI
niciCx3I0 = ARESL
nic:description = The vehicle consists, .,
nic:prefixForCxCID = wARI
nicx:shortIdentifier = ARESI

ARES-I

NASA CXDA and NEXIOIVI Ontologles
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¥4 KSC Launch Control System

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

LHZ2 TERMINAL COUNT e

Lift-0ff

s
W nimegeednbdoia R Aniae® [ o
reifaiabel = (T Aarx Vaporneer S | y
i 22Tl m AR Sy ALVE -
f edesnruier = A3B0 |

Storage Area/ Cross Courtry/ FSS uLe

I
I
I
1 [ % atkecgus i Sragess | [ % nmcpeaamzarmei | F
| et = LHE Shor iy Sbawate. el P el w LM Auchany vaoer -

T Lo Eatan = b gt [ietass —riddninm

rifylsbel = GIFEAZEE

] e e S e = FETY

riSsriddien = 01

o rlacdrmancatr s = A 3504 T ALR FRL .
It ot oo der = 1

skl = 37

B s = S557ABI_

ET\*ENT’i —, T
DISC. -

| & niscgeednizendn |
| T ———

[E11

1
1
T
1
I
I
I
) B : T E
I
I
I
I
I
1
I

Ehrryiod W datmetiarh GlE
T |rifsdate = GUFKAILE
Bt b et e = TR
fuseewtiien = 01
e omerdiatry = A 1008 T AL FRL AL
e £ RO |
InSpcad; st = 06
Ryt & W

-

GH Nz == ot
- - e S
- Ep o CloseET GSE Vent Valve (Z) R broietrr SO
o OE l =Clase Hizh Point Bleed Isolation Valwe () acodien = 01 o
- CLOSED/ ~Clase TSM Drain Valve (M) Briimiinskersid sy st
VATV raceca = 55
i . ¥ riasecpala = S4ER400
+
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9,
‘Q‘ KSC Launch Control System:
CxDA Ontologies generate XTCE for
metadata exchange with ground systems

=
I_ l
| !
b )
i | )
— =
)

=8

= - ’
XTCE Generator
Application Client

SB116CIA.xml
XTCE input for Harris 0S-Comet
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*
Q@

In Conclusion

Ontologies and Ontology-Based registries enable
precise specifications of enterprise data and its use

Semantic web technologies provide flexiblity for
interoperability and generation of work-products

Ontology-Based Grammar Engines enforce
consistency of naming and identifier rules

“Connecting the dots™ across the enterprise needs
support for federation and governance

Federated Systems of Registries can be
implemented using databases with Semantic Web
Technologies

NASA CxDA and NExIOM Ontologies
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o
<

3?’

CONSTELLATION

Thank You

Ralph Hodgson

E-mail: rhodgson@topquadrant.com
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