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INTRODUCTION

The National Center for Ontological Research (State University of New York at
Buffalo) and Alion Science and Technology, will hosted a two-day "Ontology
Driven Implementation of Semantic Services for the Enterprise Environment
(ODISSEE) Workshop." ODISSEE aims to foster awareness of and collaboration
between disparate information-sharing efforts across the US Government. The
workshop featured individual presentations on information-sharing development,
as well as panel sessions on ontology and data vocabulary. The workshop
supports the Joint Planning and Development Office (JPDO) information-sharing
initiatives. Information sharing is at the heart of the transformation, from the
current state of the National Airspace System (NAS) to NextGen capabilities in
2025, in areas such as unmanned aircraft systems (UAS), integrated surveillance,
and weather. This document includes the titles, abstracts, and presentations
from the meeting.



McComb, Dave

A Case Study in Applying Ontologies to Service Oriented Architecure, Dave McComb,
Semantic Arts

Sallie Mae is the leading issuer and servicer of Student Loans in the US. This case study
describes a project we did with Sallie Mae to build an Enterprise Ontology and then use that
ontology to automate the production of their SOA messages. The project was made more urgent
when they decided to outsource one of their lines of business but wanted to have a single set of
shared SOA messages that operated between their newly outsourced systems and their existing
front and back end systems. The presentation will describe how we automated the production of
the messages and the role the ontology played in that.

Dave McComb is President of Semantic Arts. Semantic Arts has been providing consulting on
applying semantic technology to large enterprises for ten years. Dave has be designing, building
and integrating enterprise systems for over 30 years. He is the author of Semantics in Business
Systems and the co-founder of the Semantic Technology Confernece.



Case Studies in Applying Semantics
to Enterprise Systems

Dave McComb, Semantic Arts
May 2011




Semantic Arts

» Small Consulting Firm, specializing In
helping large organizations apply semantic
technology to their enterprise architectures
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Key Differentiator

» We believe that simplicity may be
ultimate competitive advantage



The iPod wasn’t the first mp3 player

. But it was the simplest



But not just any simplicity will do

» "1 would not give a fig for the
simplicity this side of
complexity...

» ...but I would give my life for
the simplicity on the other
side of complexity."

Oliver Wendell Holmes, Sr.



So, that’s one of the themes of these three
case studies

» Sallie Mae — How we automated the creation
of their SOA messages from an enterprise
ontology

» Procter and Gamble — using a shared R&D
ontology to organize knowledge from many
disparate disciplines

» LexisNexis — an Enterprise Ontology as the
basis for their next generation business






Sallie Mae

» Leading provider of Student Loans

» We built an Enterprise Ontology for them In
early 2009

» In late 2009 they had an opportunity to apply
it...



Getting a handle on complexity

tables attributes
These are the number of

Class 582 10,230 . . .
distinctions being made in the

LoanCons 133 15295 current systems

Eagle I 356 13,538

Eagle 11 464 12,502

1,535 51,565



Sallie Mae Enterprise Model — May 2009

The original goals of the Sallie Mae
Enterprise Semantic Model were to:

Core
- Properties.
I ER

» Create formal business definitions
of the principal concepts in use

=pgopleand’s across the organization.
Organgz%\@on{: =
i,i@ia”)f~ : z
’ e D T » Validate the model against existing
| Shmunicls) Bl data bases and interfaces, and start
i iyl | g P the process of formally describing
= = JEST the existing data using those

Classes 574 enterprise definitions.

Olsl[eE [FIepEies 250 » Provide a basis for integrating

Data Type Properties 38 structure and unstructured data.

Total T-Box Axioms 1470



-

Customer facing
applications would
be rewritten to use

the canonical
\_ message formats.

rcing Initiative

Customer Facing Applications

A

[

Canonical Me

ssage Formats

Message Transformation Layer

Legacy Mes

sage Formats

API Fq
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Loan Migration




Class Comparison

Sub Ontology March 2010 JRRESSIRS

Loans

Communication
Social Beings
Finance

Core Properties
Core Taxonomy

|dentifiers

Gist

GistComp
Message Model

CLASS specific (FinTran
Codes)

All




Properties (Object/Datatype)

SubOntology May 2009 March 2010

Loans 43/1 61/0
Communication 31/0 32/10
Social Beings 46/8 49/7
Finance 35/0 31/1
Core Properties 148/32 186/15
Core Taxonomy 4/0 2/0
|dentifiers

A lot of the net increase was in gist.

GistComp

Message Model
CLASS specific (FinTran 15/0

Surprisingly the total number of
properties went up far less.



Thox Axioms (sum of subclass,

equivalent, disjoint and GCI)

Loans 194 303
Communication 115 75
Social Beings 98 111
Finance 91 148
Core Properties 0 0
Core Taxonomy 327 160
|dentifiers 27 116
Gist 246 160
' 47
The total number of axioms also 36

went up slowly. We suspect that
while we were adding a lot of 97
restrictions we were also taking

away redundant subclass assertions.



Toolset

/°Visio 2007

e Pellint

*e6Tools Add In
*e6tOWL Template

Ontology authoring and
RDF/OWL generation

\_

The authoring tool is
one-way only; it does
not generate

diagrams from OWVL.

ﬂ Protégé

=Pellet 2.0 Plug In
sFact++ Plug In

XML syntax checking.
OWL DL inferencing
and consistency

Kchecking.

RDF/OWVL syntax
checking
Performance
optimization

J

*Textpad
RDF/OWL syntax

_highlighting

<owl:Ontlogy
rdf:about="“><rdf
s:comment>seeke
r</rdfs:comment..

*TopBraid Composer
*SwiftOWL Inference
*Pellet 1.3 Inference

Ontology debugging
Explanations

~

J




A Semantic Model Example

/

<-requires
requiredFor ->

Skill

‘ ONETCode string ’
‘ description string '

N

possessedBy ->

<- posseses

Employer

‘ id string '
‘ name string '

T

offers
offeredBy

JobOpening

‘ id string ’
‘ description string '

Seeker

\‘ id string '

‘ name string ’

T

hasReferal ->
<-refersTo

JobReferral

‘ referralDate date '

referringEmployee
string

e

<- refers

referredOn ->

TANFRecipient

(TANFStatus string)l

UIRecipient

I( UlStatus string )I

Let’s take a simplified fragment of a
logical message model.

The model defines relationships and
cardinality.

The model defines subsumption.

Semantic Arts



A Seeker Subject Projection

Employer

‘ id string '
‘ name string '

T

offers
offeredBy

/

<-requires

JobOpening

‘ id string ’
‘ description string '

requiredFor ->

Skill

‘ ‘ ONETCode string ’
‘ description string '

Seeker

\‘ id string '

‘ name string ’

T

hasReferal ->
<-refersTo

Seeker

' id string '
' name string '

JobReferral

referralDate date

referringEmployee
string

<- refers
referredOn ->

TANFRecipient

(TANFStatus string)l

UIRecipient

I( UlStatus string )I

1

TANFRecipient
(min O,
max1——|( TANFStatus string )
(min o, UiRecipient
max 1} I( UlStatus string )
Skill

| _possesses ‘ ONETCode string ’
(min O,
max N)

‘ description string ’

The projection uses the same names,
data types and cardinality constraints
defined in the model.

Semantic Arts




The Projection becomes the
XSD Message Definition

Seeker

name string

The message body for the
“BasicSeeker” message type is defined o TANFRecipient

in XSD based on the projection. X

(min o, UlRecipient
e

Skill

XMLSPY | e
XSD De5|gn VIE‘W max N) ' description string '

—| Me=sageHame

Message E]—(—“'—E—

—| MessageBody E]_(_'"_:EH Seeker [%]—(—--—:EI—"' TANFRecipient EH:_'"_ TANFStatus |

{ possessesskill £ —--— = skil [T:']—[—--— =
1.

OHETCode

de=scription

19 Semantic Arts




Step 1 — Generate the SLMEO OWL files
using the eb6Tools Visio add-in

SLMEO Visio Diagram

==

Visio and e6Tools
Generate each page as an RDF/
XML OWL ontology file.

4 4 4 A 4 4 4 A 4 A 4

H
=]
N/
.
A




Step 2 — Combine all the ontologies into one
using RDFConcat

A

P

man

i D
B

b= e R
¥

Jena RDFConcat

Jena command line tool that
mearges all the ontologies into a
A single RDF file aliminating all

duplicate statements.
P
mirn l

B SLMEC Assartediodal.
- OR - owl

—




Step 3 — Preprocess the combined model for
Protége /Fact++ Inference

P SLMEO_AssertedModel.
min 0 owl

5 |

c FactppPreprocessor
A DotMet program that:
D 1} Removes all the ontology and Impnr‘l
statements from SLMEOC Asserted so it can

be opened in Protége without re-importing
all the ontologies again,
2) Remaoves any MinCardinality O

I A I restrictions that cause Fact++ to fail during
inferance export in Protegea.

SLMEQ AssertadModel

Freprocessed. owl




Step 4 — Infer in Protége/FACT++ and export
Direct Subclasses and Equivalent inferences.

SLMEO_AssertedModel_
Preprocessed.owl

B
- OR - \/\
c

l

D Protégé/Fact++

Manually run the Fact++ reasonear over
preprocessed ontology then use the export
inferences function to export direct-Subclass
and Equrvalent axioms. Both asserted and
inferred axioms are exporied as RDFXML,

_Facipp.owll

A
T SLMED DirectSubClassOf_Only
B
Fay

H Direct Subclass axioms
---------------------------- . EquivilaniTo axioms




Step 5 — Infer Indirect Subclasses using
the Jena reasoners OWLMicro

A SLMEO_DirectSubClassOf_Only
T _Factpp.owll
B
T

Direct Subclass axioms
EquivilantTo axioms

D c Infertool/OWLMicro

Java program based on the Jena framework
that accepts an ontology and runs one of the
builtin jena reasoners (in this case
OWLMicro.

Tis reasoner infers all the inderect subclass
axioms from the direct subclass and
equivalant axioms exported form protégé.

t.owl

A
SLMEO_SubClassOf Only Fac
B
f".-.
i

i Direct and indirect Subclass
axioms.

D c \_/—\




Step 6 — Transform the ontology into a UML
based model in XMI

A

p Optional

asType
isType

A

asType
isType

B

i

asType/\

isType

asType
isType

R

asType
isType

SLMEO_AssertedModel.
owl

SLMEO_SubClassOf Only Fac
t.owl

Direct and indirect Subclass
axioms.

OWLtoDXSI

Met program that uses the original assered
mode and the inferred subclasses to
genarate an XMIUML file that can be
loaded into DXS1 as a common model.

D

o

SLMEO_AssertedModel.xmi

SLMEO_AssertedModel.log

Lists any error or warning

messages.




Step 7 — Import the MSI to the DXSI
Common Model

A

5 Optional SLMEO_AssertedModel.xmi

[}

/A = s\
asType IST;F'E asType
isType isType
B
asT',lpef"'/‘ ‘\ﬁsType

isType isType
/ \‘ DXSI

Manually import the xmi file into DXSI using

D c I its model mergeing capabilities.




Progress/ Data |

Eclipse

Expression Builder
Validation Rules

Aggregation Rules

Transformation Rules

Impact Analysis
Reporter

Map Editor
Transformations

Aggregations

Exchange Model
Tester

Project | Schema
Viewer | Viewer

DataXtend™ S| Designer

UML
TMFSID
ACORD XML

txtend (DXSI)

CERIIVETS
IS puaiyeleQ
dv0S
IS Puaixeleq
ar3
IS PusixEleq

Metadata Manager

Audit & Logging Engine

DataXtend™ S| Engine

N

EAl » RDBMS XML SAP

B

ssog Jo 21607g8p) “asadysqgapn




Toolset

Full loop about |-3 hours

Visio Authorin
-l

Expression Bubder || mpact Analysis B

OWL ] | i 4 £ &4 E
e S Change Request

| Transionmators | Project | Schema =

T || Vi | Ve Audit & Logging Engine |

DataXtend ™SI Designer DataXtend ™SI Engine

Tk L mame
) =
Canopjcal Model TR

@@!

arated by XMLSpY e SOV, SO

SOA Messages




Net Result

» New outsourced servicing system was
Integrated into Sallie Mae environment

» There Is one set of SOA messages that handle
both servicing systems

» The rationalization of the messages was made
possible by the enterprise ontology

» Changes could be rapidly incorporated into
the ontology and their impact reflected In
messages within hours



Schema Complexity

» Most of the schema complexity in traditional
systems is a product of the inflexibility of
relational technology and procedural
programming.

» Our work has demonstrated that complexity
can be reduced by at least an order of
magnitude and perhaps two orders of
magnitude.



Summary

» Ontologically driven systems are moving into
the early adopter mainstream for large scale
systems

» Basing them on a rigorous, minimal upper
ontology promotes design elegance.



Forbes, Germaine

Net-Enabled Test Environment (NETE)



MNext Generation Air Transportation System
Joint Planning and EI: !1] il

============= Net-Centric Operations Division

Net- Centric Operations Division

Joint Planning and Development Office
(JPDO)

Net- Enabled Test Environment (NETE)

NCOD, JPDO
13 April 2011




Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

A g e n d a Net-Centric Operations Division

 Net- Enabled Test Environment (NETE) Overview
 NETE Partnership Participation and Benefits

« NETE Demos Descriptions
— Telcordia Modeling Task
— Demo O
— Demo 1

« Ongoing Activities




Net- Enabled Test Environment

ek 1 4 L e o e § T (N E T E) Net-Centric Operations Division

e« Concept

Virtual Test environment — no new facility

Industry and Government participation

Experimental approach — test, measure, evaluate, adjust
Adopting existing projects; leveraging progress

 Benefits

Data sets made available will bring interested developers
Allows demonstration of concepts to flesh out requirements

Allows trade-off studies for architectural decisions — standards,
processes, TTPs, tools, infrastructure design

Tests Governance model for efficacy

Accessible to all NextGen participants; can link to outside data
sources/consumers

Leverages work already done by NextGen Stakeholders

OO

) & O 3




NETE Areas of Interest

Net-Centric Operations Division
e Address access control in Inter-Agency Environment

— Authentication, identity verification
— Interference by Firewall and automated security tools
— Access the registry to define the service/data

Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

 Measure Quality of Service and Throughput
— Operator monitoring of quality of service and service delivery problems
— Bandwidth and latency; network performance

e Evaluate Alternative approaches (i.e. AOA)
— Enterprise Service Buses (ESB) interoperability, ESB Solutions
— Scalability of service delivery
— SOATest Tools

 Demonstrate near-term benefits of information sharing with key
communities

— Weather, Integrated Surveillance, Flight and Flow

Q OO O 4




Goals

Mext Generation Air Tranaportation System ¥ ¥ s 5 s
Joint Planning and E:v:lnpm:ntgﬂffi:: NEt—CEn‘tr“: DpEr‘a‘t'ms DIVIEIDI’I

» Establish and Document Initial NETE Capabilities

— Baseline connectivity and the ability to share information through
web services, plan for R&D Domain (FAA)

— Demonstrate a set of well-understood basic services that are
relevant to the aviation community (Core)

— Establish Charter and NETE participation framework (Baseline)

 Prepare NETE as a Platform for Inter-agency Demonstrations

— Enable capabillity to test communications and services prior to
future demonstrations

— Work out issues related to coordinating a distributed
demonstration

— Provide and/or establish use of collaboration tools




Near Term Objectives

Mext ﬁerﬁﬂ?:ti'?:riu':inri.rg':.ﬁ'Eﬂﬁfﬂﬁ”&ﬁfﬂ Net-Centric DpEpatims Division
« Demonstratethe NCOD’s approach to secure and effective

Information sharing by leveraging Semantic Web Service
Architecture (SWSA)

— Exercise information exchanges developed in collaboration with
Integrated Surveillance community

— Demonstrate ontology-driven approach to enhance service
discoverability and interoperability

— Elaborate key infrastructure components (e.g. Semantic Service
Registry) of SWSA

e Demonstrate NETE as a platform for inter-agency demonstrations

— Showcase the ability to execute distributed demonstration involving
multiple agencies

— Refine process to facilitate future NETE demonstrations

e Serve as a risk reduction environment for JPDO summer
demonstrations

— Improve confidence on the Lost Cargo Jet business scenario

e °

Q QOO G




Opportunities

gl R e TG Net-Centric Operations Division

« Build on the Foundation of Interagency Collaborations
— NETE Working Group as a forum for addressing governance issues

— On-going NETE infrastructure modeling initiative to provide a snapshot
of the interagency network and SOA infrastructures

— Participating from agencies critical to success of NETE

e Support Effective Information Sharing and Engagements of Community of
Interests (COI)

— JPDO is engaging with NextGen weather and Integrated Surveillance
community to identify information exchanges

— NETE supports information sharing goals by providing a platform for
exploration, experimentation, and socialization of information exchange
services

« Facilitate 1 Year Challenge Demonstration
— Incremental approach progressing w participation with select demos

— Serve as a risk reduction environment for summer demonstrations




NEx‘lﬁnEiliu AJT r'l:ahnnE
t Pla I e apm tHfo

Net-Centric Operations Division

Opportunities Cont
o Participation with FAA Program Priorities
— FAA Tech Center/ R&D Domain
— DEXRel 6 (FTI/Harris)
— SWIM
— NEO

e Federal and Industry Participation
— Northrup Grumman NNEW
- JPL
— NASA LaRC (Services, Registry)

e DoD Participation

— Hanscom AFB, ESC
e CoT
e UAVS

— Coalition Warrior Interoperability Demonstration (CWID)

L5 0008000 8




Partner Benefits

Mext Generation Air Tran:lE'url:atinn El_.lc:'ltEm
Joint Planning and Development Office

Net-Centric Operations Division

A multi-agency platform for exploration, experimentation,
testing, and socialization of web service applications

e Access to NCOD’s Semantic Web Services Registry

o Opportunity to perform risk reduction testing on a broad
scale

o Established connectivity relationships with outside
agencies

* Insight into other agency Information Assurance best
practices at the working level

e Opportunity to participate and benefit from exercise best
practices at minimal cost

L5 0009000 9




NETE Participation

Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

Net-Centric Operations Division

« Goalisto coordinate and facilitate 2-3 demos yearly (FY)

* Encourage maximum participation from government sponsorship and
private industry

— FUNDS for NETE are limited!!!

« Participation will be based upon an approved project review and
selection process preferably independent stakeholder (Institute)

— JPDO will submit participation packages requesting information

« Goalisto ensure the testing requirements are alignment with JPDO
and NCOD priorities and objectives

— For example during a particular demo phase (ND1FY11) focus area may
be Integrated Surveillance, Target Based Operations, UAS (or an
overlap)

L5 000

Seo +




NETE Event Planning

Mext Generation Air Tranaportation System ¥ ¥ s 5 s
Joint Planning and E:v:lnpm:ntgﬂffi:: NEt—CEn‘tr“: DpEr‘a‘t'ms D|V|5|Dn

e Schedule out NETE events based upon JPDO mission and
objectives

« Establish criteriafor NETE projects

« Obtainan approved timeline for project submittals, due dates,
review, selection, demo, reporting

« Develop requirements for test submittal package. Examples are:

Description of project/Sponsor

Architecture

Description and pedigree of the data exchanged/demonstrated
Communication requirements

Agreements (MOA, PLA, CRADA)

Any relevant historical data ie previous test reports

Security documentation if applicable

* Publicize events via a datacall, working group, fedbizopps, etc

L5 000

Se i




Project Selection

Mext Generation Air Tran:lE'urhlltinn Etgc:'lfi;l_sm
EVEICGpmER Ice

Joint Planning and

Net-Centric Operations Division

e Goalisto establish a tracking mechanism for participants

Working on a Collaboration tool and registry

« Evaland selection criteria based upon

Alignment with published JPDO mission areas and priorities
Benefit to the Sponsor (PoR) in support of milestones
Alignment with other exercises

Various partners

Government industry partnership

Amount of government industry in-kind Services provided as part of
demo

12




Planned Demonstrations

Mext Generation Air Tranaportation System ¥ ¥ . m s
Joint Planning and E:v:lnpm:nt ffice NEt-CEntrlc DpErathﬂE D|V|5|Dn

« Communication Validation Demonstration (Demo 0) prepared | 3/9011
NETE as the platform for Information Exchange e
Demonstrations

— Establish connectivity among initial NETE nodes
— Verify ability to share information through web services
— Initiate discussions on security and business relationships

* |Information Exchange Demonstration (Demo 1) will establish
the software and service framework for Information Exchange | 5/2011
Demonstrations -

— Exercise information exchanges related to integrated surveillance

— Demonstrate key components of the semantic web service infrastructure
(e.g. Semantic Service Registry)

« |Information Exchange Demonstration (Demo 2) focuses on 8/2011
reducing risks for JPDO 1 Year challenge demonstration
— Exercise information exchanges related to integrated surveillance _\ E

One YearChallenge

L5 0009000 13




NETE as a Federated Infrastructure

Mext Generation Air Tranaportation System - - e AT
Joint Planning =nd %cvclupm:ntgﬂffic: MNet-Centric ODE[‘EtIDI'IE Division

Information
Exchange Services

Weather Integrated Surveillance Airport
Operations

Infrastructure Services

Semantic Infrastructure

Metadata
Directory ~

Digital Library service

Semantic U
Mediation Bus _
service
’

Service Registry

SOA Infrastructure
ervice service /
service

Enterprise Service
Bus

Identity _
Management service

Network Infrastructure service NETE infrastructure has three
Network Modeling service layers: network, SOA, and

Tools semantic infrastructure to
support NCOD COI Engagement
Network Process. Both information
Monitoring Tools . exchanges and NETE

infrastructure services are
provided by participants.



NETE Modeling Overview and Objectives

e e Wlanning and Development Difrce Net-Centric Operations Division
« Provide Ability to Evaluate As-is Scenario and Alternative
Architectures
* Provide Insights Into Inter-agency Applications and Information
Services

* Uncover Issues Resulting from Interactions between the Application,
SOA and Network Layers

QoS
Performance ‘ Dependability ‘ Security ‘
------------------ 'y
(lh:iligfffi, —-ﬁ\ha:irlcr"‘f Integrity —1— Authentication
Availability  =t— Maintainability
Capacity =—t— Scalability Authorization ~—1— Encryption
J o)
-t n——- ] i H
“litter ™y q\_ _"L..{ Audit- _|_ Non-
= 4 /—\ ability Repudiation
Service/System ‘ Messaging ‘

L5 000 % e



NETE Infrastructure Modeling Approach

Next Generied A ol bt ar by Net-Centric Operations Division

 Focused on Information Exchange Applications

— Model the characteristics of interagency network and SOA
infrastructures

— Understanding how application requirements are supported by
infrastructure capabilities
* Involving NETE Community

— Require an application scenario that generates interests from
NETE participants

— Contribute to participants’ existing initiatives

* Aligned with Information Exchange Development
— Leverage ongoing collaborations with FAA and NASA
— Support NextGen information sharing goals

16




NETE Modeling Approach (1 of 3)

NEx‘lﬁnEiliu Aar T Eurl:ahnnﬁgutm
t Plannin elopment OFfi

Net-Centric Operations Division

« Application layer Characteristics:

— Tunable characteristics such as data collection latency,
information generation rate, information distribution model
(unicast, multicast), frequency of information updates, processing
latency, and the application service level requirements

« SOA Layer Modeling:

— SOA communication styles such as request/response,
publish/subscribe and bulk transfer

— Differing QoS characteristics, e.g. response time for
request/response interaction or reliable delivery of notifications in
a pub/sub interaction

— SOA message communication model including message size,
message payload type (e.g., XML, compressed XML, binary) and
information overhead.

— SOA transport protocol characteristics (e.g. http transport for Web
Services) & middleware characteristics
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NETE Modeling Approach (2 of 3)

NEx‘lﬁnEiliu AJT r'l:ahnnE
t Pla I e apm tHfo

Net-Centric Operations Division

o Characteristics of agency interconnections to the Internet or
other private closed IP networks

— Internet or private line based connectivity
» Access link and choke-point based modeling

* Network latency, jitter (i.e. the variation of network
latency), bottleneck bandwidth, number of
routing/forwarding hops

— Capture statistical variances in instantaneous network

characteristics with appropriate probabilistic models for

variations in network delay, background load, queuing
etc.
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NETE Modeling Approach (3 of 3)

Mext Generation Air Tran:lﬂuriatinn El_.EItEI'I'I.

Joint Planning and Development Office
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Comms Validation(Demo 0): Overview

Mext Genﬁrahun Air Trans

rtation 5

 Fleaning ond Deveiopment Dt Net-Centric Operations Division

Establish and document initial NETE capabilities
— Verified network connectivity
— Verified the ability to share information through web services
— Demonstrated a set of well-understood basic services
— Controlworkstation in place with software installed
— Demonstration scriptcompleted, deployed, and tested
— Validated service endpoint availability

Preparing NETE as a platform for inter-agency demonstrations
— Working out issues related to coordinating a distributed demonstration
— Establishing a baseline of available facilities and services
— Initiated discussions regarding business relationships among the partners
— Initiated discussions on security arrangements for distribute demonstrations
Initial Partners ' s
— USAF Electronic Systems Center (ESC
— FAA Technical Center
— NASA Langley Research Center
— Alion NETE Lab
Original Goal:
— 2 NETE nodes active ﬁ

SOAIfrchtu [

HSIN Private
IP Nets

NOAANet AVSIMnet

Internet
2

. Internet

SOA Infrastructur: SOA Infrastructure ]

[ Network Infrastructur, Network Infrastructure [ Network Infrastructure ]

USAF ESC FAATech Center NASALaRC




Information Exchange Demonstration 1

Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

Net-Centric Operations Division

« Demonstration Scenario
— Lost Cargo Jet
* Information Exchanges

— Focus on Integrated Surveillance, for example:
e Suspicious Activity Report (SAR)

Flight Info

e TracklInfo

ThreatInfo

Weather Data

— Ongoing Collaboration with the Community
 Roles

— Airport Personnel

— Federal Aviation Administration (FAA)

— Department of Defense (DOD)

— Department of Homeland Security (DHS)

— Local and State Law Enforcement
e Participating Locations

— TBD

L5 000%6
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Ongoing Activities

Mext Generation Alr Transportation System
Joint Planning and %I evelopm tgﬂffi-::

Net-Centric Operations Division

* NCOD conducts monthly status meetings with JPDO Director, FAA Pillar
Program Managers

 Collaborate with Industry efforts related to NEXTGEN

o Participation with IPT, Outreach Forums and Working Groups, such as NCOIC,
ADA Working Group

* Interagency collaboration for information exchange lessons learned and discuss
approaches for exchange

* Document processes, agreements, and infrastructure configurations
 Configuration Management

* Bi-monthly NETE WG meetings w/ Industry and Government

* BiWeekly NETE Engineering meetings with core partners

» Consistent alignment back to architecture

* Monitor tasks to ensure consistent alignment with JPDO and One Year

Phnllnnnn nhlnr‘h\lnc
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Next Generli Kb R ol e Net-Centric Operations Division
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Lost Cargo Jet Operational Scenario

Mext Generation Air Tran:%urtatinn Egéliem

Joint Planning and Development Office NEt-.CEntr"c DpErat'ﬂnE Divis'on
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Mext Generation Air Tran:%urtatinn Egéltem

Joint Planning and Development Office

Net-Centric Operations Division

Engineering Design for Demo Control Site (ESC)

FAA Tech Center

Atlantic City, NJ ; i . . . |
e = Alion to invoke web C2 Enterprise Integration Facility (CEIF)
services through HTTP(S) p “
¢Inbound connections from : :
Tech Center, LaRC, Demonstration Control Workstation
JPDO, and Alion to
8 .

Alion NETE 1 accessweb application
Lab HTTP(S) hosted on the control LRSI

workstation through

\_ HTTP(S). y
HTTP(S)
— Demonstration
HITP(S) Internet —_— Ll‘-w‘f‘): ] ControllerWeb C;;\/Vi\ézb Col
) E r' =i Application Router
HTTP(S) Firewall
JPDO N <
Washington, DC |
HT|P . .
S) m'he Control Workstation will host
Web « Demo Controller Web Application,
Browser which invokes services from other
sites. It also provides a web interface
k to display demo status,
. * Web browser.
Web Service NASA LaRC ion i i i
i Langloy VA The Control Workstation is a « CoTWeb Service, which

é'— Web Request

ﬁhefirewallwillallow: \
* Outbound connections to

Tech Center, LaRC, and

Windows or Linux based system
with Java EE Application Server
software installed.

communicates with an existing CoT
\ Router within CEIF.
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Mext Generation Air Transportation System - - e AT
Joint Planning and %:v:lupm:ntgﬂffi:: NEt—CEnt["C DpErat'ﬂns D'VlE'On

Look Ahead: Information Exchange Demonstrations

Demonstration
control script
implemented as
a BPMN
process.

Mansuver Dirsctive Nosfication - sty il i} T infrastructurs nformaton

wstiuet o Land?

Monitoring
Displays
available
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O’Day, Shawn Lt Col

Delivery of Information within the SDDP Model

IT acquisition within DoD faces a number of challenges, including high costs, long turnaround
times, non-interoperabl e solutions and frequent failures to meet actual warfighter needs.
Accordingly, the FY 10 National Defense Authorization Act mandated a number of changesto
this acquisition process. These include: rapid, incremental devel opment; user involvement
throughout the process; and modular, open-system approaches. The Air Force has also
developed an overarching solution set for many of these issues, called the Services Devel opment
and Delivery Process (SDDP).

This presentation briefly outlines the six top-level steps of the SDDP, with particular emphasis
on its Community of Interest (COI), and ontology development activities. It describes how the
SDDP provides detailed guidelines for the full business capability lifecycle, including (i)
identification of capability requirements and performance measures; (ii) definition and
streamlining of underlying mission and business processes; (iii) definition of executable actions,
(iv) definition of amateriel solution and implementation plan; (v) implementation of the
developmental components of the materiel solution; and (vi) deployment and sustainment
activities.

Onetype of material solution governed by the SDDP is delivery of information assets needed to
support mission and business processes viaweb services. Asthis presentation will explain, the
SDDP provides detailed guidance for this process, beginning with the specification of
information assets which are aligned to business activities and ultimately delivered as service
messages. Information delivery within the SDDP aso meets the DoD Net-Centricity goals and
objectives, such as visibility and trust by employing COlsto identify authoritative data sources
(ADS) and access rules, and by developing ontologies to support service discovery and
interpretation. The COI standard process devel ops a series of products to ensure final COI
ontology models support the needs of services-based information delivery and vets this model
through SME and enterprise technical validation. Finally, ontology-inspired XML messages and
the Metadata Environment (MDE) tool for service discovery will also be explained within the
intent of this brief.
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\.;./ IT Acquisition Challenges

U.S. AIRFORCE

m66% of IT projects prove unsuccessful*

m Exceed budget
m Overrun schedules
m Under-delivered features & functions (performance)

" Lengthyrequirements, budget,
acquisition processes

= Struggleto fielding ITin 5 years —
Goal <18 months (Moore’s Law)

" Currentaverage =81 months
" Duplication of Infrastructure
" Shortage of IT Expertise
= Ample, Conflicting Oversight

* Gartner Inc, ID# G00151721, 26 Sep 07
**Standish Group surveys, 1994, 1998, 2000 & 2002

Integrity - Service - Excellence 2
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\.;./ IT Acquisition Reform

U.S. AIRFORCE

m Defense Science Board Report—Mar 09
m Deliberate acquisition processdoes not match speed for IT
m Need New Acquisition Process for IT
m Strong DOD ClOresponsibilities for policy and architecture;
m Move NIl,BTA acquisition authorityto AT&L

m FY10NDAA — Section 804
m Develop anew IT acquisition process based on DSB Report
m Early and continual involvement of the user
m Multiple, rapidly executed capability increments/releases
m Early, successive prototyping for evolutionary approach
m A modular,open-systems approach
m Reportto Congress by Jul 2010

Integrity - Service - Excellence
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\.;./ DOD IT Acquisition Task Force

U.S. AIRFORCE

m |T Acquisition Task Force
m DEPSECDEF (Chair), DCMO, AT&L, NII, SAEs & Service DCMOs

m Process Improvementand Efficienciesin:
m Governance

m Portfolio Management

m Acquisition :

_ Co?\tracting USAF has developed solution set for many
- of these issues — Services Development

= Funding d Delivery P SDDP

= Requirements and Delivery Process ( )

m Modular/Incremental development, test & deployment of capability

m Delivered within 12-36 months — Focus on speed and open
standards

m Stakeholder/User Engagement

Integrity - Service - Excellence
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g’ SDDP (1) Identify DOTMLPF
Capability Requirements

U.S. AIRFORCE

CAPTURED INAND

OUTCOMES INFORMED BY ENTERPRISE
» Clear,concise statementofthe user’s problem and/or needs ARCHITECTURE
* Delineationofa proposed set of capabilities thatwill solvethe

user’s problem ormeetthe user’s needs BRM |
 Documentation ofrelevant Legislation, Regulationand Policy

(LRP)
« Generation of a set of performance measures thatwill indicate SRM “ DRM H

whetherthe capabilities,onceimplemented, actually solve the

user’s problemormeetthe user’s need

_ TT?hA|

— = | - & o1 s i s B
i aF e S e e e
i i i — L IATI AW P o I T T
e, i == G
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Identify Define Define Material PJZ%?%%:;T Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and P Application the Material
o . components of Lifecycle .
Capability executable Implementation the Material y Solution
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence
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U.S. AIRFORCE

g’ SDDP (2) Define DOTMLPF
executable actions

—

OUTCOMES
* Re-engineered Air Force processes to improve efficiency and

effectiveness to deliver the capabilities
* Definition ofthe DOTMLPF executable actions and the

iImplementation plan
» Sponsorapprovalto pursuetheinvestigation of the Materiel

CAPTURED INAND
INFORMED BY ENTERPRISE
ARCHITECTURE

SRM| DRM

Solution
= — S S L S Elege | TF o Flogs o T = i ST
J@aﬂ,& - b I ‘HH N Tk =T e —— T e o o [ e e o =2 = T i
AT i = el T i b i s
YR = ; n
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
. . . . Plan/ implement i
Identify Define Define Material develop?‘nental Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and Application the Material
ili bl . components of Lifecycle .
Capability executable Implementation the Material Solution
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence



\/ SDDP (3) Define Material
seameonce S0lUTION / IMplementation Plan

T CAPTURED INAND

OUTCOMES INFORMED BY ENTERPRISE
s Thebounded userrequirementthatincludes definition of ARCHITECTURE

the materiel solution,information and datasources, and

implementation plan PRM! BRM

* Thatconsiders implementation methods, e.g., Web

services code,systems,and COTS/GOTS
* Thatoptimizesreuse SRM | DRM
« Approval by Air Force corporate structureto fund / execute

theimplementation of Materiel Solution
_ TRM ‘

= — T L o [ TF o thoes o2 3 — o B T
et i JL e - e e 5] o e ——
AT i = el T e i e
[T ey = :
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Identify Define Define Material P(;Z?/élmﬂ]ee?; rllt Sugtaip Deploy/Operate
DOTMLPF DOTMLPF Solution and ; Application the Material
Capability executable Implementation components o Lifecycle Solution
. - the Material
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence



\/’ SDDP (3) Define Material
Solution / Implementation Plan

[ 4
-
U.S. AIR FORCE

)

Information assets
are further refined.

COl is chartered,;
clearly scoped to \%
Vocabulary is

H

A need for support need and
information within processes. developed.
aprocess is \
identified. ADS are
nominated.
Roles and permissions
are defined.
= — | O L vy i dlese | CF - o ot — g B T
e i A = e o S el e ——
p g 2 S - P 1 1 e
Ikl = A : -
el bod) EE ifg |
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Identify Define Define Material Pdlzsélgna:]ee?; r|1t Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and P Application the Material
o bl . components of Lifecycle .
Capability executable Implementation : Solution
) the Material
actions Plan :
Solution

Requirements

The Service Development and Delivery Process

Integrity - Service - Excellence



\/’ SDDP (4) Plan/implement Dev
Lsameonce COMpPonents of Material Solution

T DEVELOPED AGAINST

OUTCOMES CONFIGURATION MANAGED
- Team from diverse organizations with a wide range of skillsets TECHNICAL STANDARDS
* Integrated master schedulethatdelivers the deployed Materiel

Solution PRM| BRM

* Developed components of the Materiel Solutionin TRM defined

environment SRM ! DRM ‘

:

i)
o1

5

e — % T L T

i &E%Hﬁ_‘j DTTZ = =it - ) Di,pkﬁm T = e
i i i — LN P P 6 B e e e 1
ITEN = =T :
e ; i}
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
. . . . Plan/implement i
Identify Define Define Material developpmental Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and Application the Material
o . components of Lifecvcle X
Capability executable Implementation the Material y Solution
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence 9
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U.S. AIRFORCE

OUTCOMES

SDDP (5) Sustain
Application Lifecycle

—

» Testand sustainthe Codein the implementation baseline

—_—

TESTED/ACCREDITEDTO
CONFIGURATIONMANAGED
TECHNICAL STANDARDS

PRM | BRM

— — =1 o - % ot O — T T T
i pei e e e
M e = N AR P P = 1 o e
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
. . . . Plan/implement i
Identify Define Define Material develop?nental Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and Application the Material
i bl . components of Lifecycle :
Capability executable Implementation the Material Solution
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence
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U.S. AIRFORCE

{' SDDP (6) Deploy/Operate the
Material Solution

—

OUTCOMES

* Deliverend user experienceforthe material solution
 Prototype >>> Operational Test
» Full Scale Deployment Delivery

—_—

DEPLOYED TO PLATFORM
CONFIGURED TO
TECHNICAL STANDARDS

— = o - & o 3 — gi_l T L =
] e e e e
‘M - - IRITATN AN PR e - T e
Bt T
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
. . . . Plan / implement i
Identify Define Define Material develop?nental Sustain Deploy/Operate
DOTMLPF DOTMLPF Solution and Application the Material
o | . components of Lifecycle X
Capability executable Implementation the Material Solution
Requirements actions Plan Solution

The Service Development and Delivery Process

Integrity - Service - Excellence
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U.S. AIRFORCE

m COlsare focused on delivery of actual
capability

m COls are chartered to define relevant
small packages of information needed to
support incremental delivery of
capability and stand-down when
complete

m COls define information needs to
support process-based capability in
context of supported processes

m COl-defined information assets can be
reused as needed to support the
broader AF enterprise needs

m COls support the broader IT Acquisition process by defining
Information needs for a bounded user requirement

Integrity - Service - Excellence



r COIl Coordination Panel

U.S. AIRFORCE

Panel Responsibilities

Recommend stand up of new AF COls, review COI charters
Ensure AF COls follow standard processes defined by Panel

Conduct alignment and enterprise configuration management of AF
COl vocabulary products

Work with individual AF COls to resolve conflicts or discrepancies
between vocabularies

Assist with the review of information requirements and recommend
the reuse of all or part of existing AF COI vocabularies where
applicable

Review Vocabulary Packages and recommend approval

Direct the Enterprise Vocabulary Team (EVT) to provide technical
support directly to individual AF COls

Integrity - Service - Excellence
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QP

U.S. AIRFORCE

Information Delivery and the COl
Standard Process

Integrity - Service - Excellence
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U.S. AIRFORCE

An essential aspect of a business processiis its
information flow

Information flow is defined partly by information
assets: sets of information aligned to business
processes

SDDP Steps 2 and 3 identify information assets
needed for desired capability

m Business Reference Model

m Service Architecture

Web services deliver information assets

m Establishestraceability between business
processes and IT architecture

Integrity - Service - Excellence

Information Assets

Personnel

_;l + Assigned Squadron or Unit

_;l + Deployment Availability Code

_;l + Duty Air Force Specialty Code

_;I + First Name

_;I + Grade

= + Last Mame

= + Middle Mame

= + Perscnnel Accounting Symbol Code
= + Primary Air Force Specialty Code
= + Special Experience |dentifier Code
= + Suffix




\/ Information Assets,
2 .
Ontologies and Messages

U.S. AIR FORCE

captures meaning of _ - Implemented as
Uses Message

concepts
from

m Service messages align to Information Assets

m COIl ontologies capture meaning of information contained in
Information Assets

m XSL Transformation (XSLT) translates standard XML message into
one containing ontology concepts

Integrity - Service - Excellence
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\.;./ Net-Centric Data Strategy Goals

U.S. AIRFORCE

m Visible: Information should be....
m Easy to find
m Relevant

m Understandable: Information should be ...
m Delivered in a usable form
m Delivered in context
m Expressed in a known “vocabulary”

m Interoperable: Information should be ...
m Easily combined
m Easily compared

m Trusted: Information should be ...
m Current
m Complete
m Authoritative

Integrity - Service - Excellence



\ 2
\"/ COIl Standard Process

U.S. AIRFORCE

Milestones COIl Products*

m COIStood Up 1. COlCharter
n Charter Drafted
2. Charter Pre

m  Charter Finalized
ADS Designation

4, Example DataRecord (EDR)

ntology Modeled

m Ontology Validated

m  SME Validation
m  Enterprise Alignment & Technical Validation

n EVT Technical Review Presentation

Ontology Model

L and XSLT Generated Identifieds mmended Roles and
m Vocabulary Package Completed Permissions (Business Rules)
= Submitted to Coord Panel 8.  Completedand Approved Vocabulary
m  Approved for submittal to E-SWG by Coord Panel
Package

Submitted to E-SWG
Approved by E-SWG

*There are additional, technical products that are produced by
the ontologistmember (DVT) or EVT theyinclude: XSLTs, XML
Prototypes and HTML Visualizations,.

Integrity - Service - Excellence
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U.S. AIRFORCE

\~/

[ 4
-

ADS Designation

Bookl - Microsoft Excel

Home Insert Page Layout Formulas Data Review View Developer Get Started
G17 fe |
A B C D E K
1 Entity Example Data Source Table Field
2 |Status Current Financial Management Data Dictionary tbl_budget_activity status
3 |BasicSymbol 740 Financial Management Data Dictionary thl_basic_symbol basic_symbol_code
4 | Budgetactivity Mew Construction Financial Management Data Dictionary tbl_budget_activity title
5 |BudgetActivity provides for: (1) erecting, installing, Financial Management Diata Dictionary tbl_budget_activity description
6 Dept 57 Financial Management Data Dictionary tbl_deparment dept
7 CalendarDateTime 2010-06-01T22:30:27 14 Financial Management Data Dictionary tbl_budget_activity LAST_UPDATED
2 CalendarDay 2100-09-00 Financial Management Data Dictionary tbl_budget_activity end_date
9 |CalendarDay 10011984 Financial Management Data Dictionary tbl_budget_activity begin_date
10 BA 1 Financial Management Data Dictionary tbl_budget_activity ba_code
11
19
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U.S. AIRFORCE

Example Data Record

DRS_exampleDataSpreadsheet - Microsoft Exce
Home Insert Page Layout Formulas Data Review View Developer Get Started @ - = x
F5 _ 5| ¥
B c D E K
1 Data Element Name Definition Data Description Example Value
2 |S5AN Social security number 123-45-6789
G means the member is current for all required immunizations.
¥ or R means the member is eligible to receive a required =
immunization and should report to the MTF immunization clinic |G =Green (current), ¥ =yellow (Due), R =Red
3 | IMM_STATUS if the vaccination is available. {Overdue) R
Column will be blank if the IMM_Status is G. ¥ means
immunizations are available and member is eligible to receive
the vaccine; N means the required immunizations are not Blank if IMM_STATUS = G; if IMM_STATUS =Y
available to be given at this time and the member should not or R, then ¥ (immunization available); M =
4 [IMM_AVAIL report to the MTF for the shot. Immunization not available. N
G=Dental Class 1 or 2; R = Dental Class 3,4, unknown, G =Green |G =Green (current), R =Red (Qverdue Exam
5 DENTAL_STATUS (current), R = Red{Overdue Exam or Class 3 Dental Problem). or Class 3 Dental problem) R
Dental Class 4: dental exam is overdue and member should
contact dental clinic to obtain an appointment. Members in
Class 3 are under management for some dental or periodental
issue and should not be directed to the MTF for dental
classification exams. Class 1 or 2 are current and require no
6 |DENTAL_CLASS action. Dental Class =1,2,3,4, U, where U = Unknown 4
means that one or more of the IMR lab components needs some
action to correct. There are 6 specific lab values tracked by this
section of the IMR - Blood Type, RH, G6PD values (These are one
time updates usually handled at accession or first assignment),
Periodic HIV testing, and DNA sample being on file at the AFIP |G =Green (current), ¥ =yellow(due), R =Red
7 |IMR_LABL STATUS repository. Only HIV testing drives report periodic blood draws |{Overdue /[ Incomplete).
G means the members has no Deployment Limiting Condition
M 4 » M| MedicalReadiness EDR SFMIS Exposed Data Sheatl %1 I
Ready | J@ =]}

Integrity - Service - Excellence
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\.g./ COI Ontologies

U.S. AIRFORCE

m Support Web Services
m Clarify meaning and context of data values in message
m Enable metadata-based discovery

m Provide Semantic Features
m Classes and properties (less need for individuals)
m Search on lexical assertions, class & property subsumption

m Developed Collaboratively
m Basic development by Domain Vocabulary Teams (DVTs)
m Coordination & evaluation by Enterprise Vocabulary Team (EVT)

m Standardsand Tools
m OWL
m TopBraid Composer

Integrity - Service - Excellence
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\.g./ Enterprise Vocabulary Team

U.S. AIRFORCE

m COIOntology Alignment
m Maintain EVT Common Ontology
m Develop Ontology Design Patterns

m Configuration Management
m Manage version-controlled repository of ontology products
m softwareforge.mil
m Ensure correct format for MDE registration (base URI, etc.)

m Ontology Validation
m Create tools for HTML visualizations for SME validation
m Conduct Formal Evaluation
m Evaluation Criteria, Automated and Manual Assessment
m Create XSLTs

Integrity - Service - Excellence 22



\/’ Ontologized Authoritative Data
et (OAD)

U.S. AIRFORCE

4 PersonnelRecord 1
MPS:personnelRecordlsDisputed = Y| & USCitizenshipStatus_1
[E EVT:datelastUpdated = 2010-04-13 EVT:codeValueFor=1

& Co untry_1

izenshipStatus
: EVT:countryCode = WY

OOV\/JCQLV\'S . 4 AirForcePerson_1 -
s AW MPSifirsthame = Jane MPS:c yOfOriginalCitizenship
OO\/\,OC? MPSfullMame = DOE, JAME & Y ——
0\ ata MPS:hispanicLatinoDeclarationCode = 1 T =
AV le ISP - - =] EVT:codeValueFor=D
ex F MPS:lastMarne = DOE MPS:maritalStatus S

MPS:middleMame = AYAN
MPS:namesuffix = IR
MPS:nationalldentifier = 123-45-67589

MPS:religionOfPers

& Religion_1
EVT:codeValueFor = P4y

MPS:imemberQf

& EthnicGroup 1
EVT:codeValueFor=H

Integrity - Service - Excellence



\"j XML Message with Ontology
5. At FORCE Markup

<EVT:informationAbout xmIns:EVT="urn:USAF:SAF-USM:EVT:1#">
<MPS:AirForceServiceMember MPS:firstName="JOHN"
MPS:lastName="DOE" MPS:middleName="HENRY" MPS:nameSuffix="SR"
MPS:socialSecurityNumber="987-65-4321">
<MPS:memberRank>
<MPS5:Rank EVT:abbreviationString="MAJ" />
</MPS:memberRank>
<MPS:memberServiceComponent>
<MPS5:5erviceComponent EVT:codeValueFor="R" />
</MPS:memberServiceComponent>
<MPS:dutyAssignmentWith>
<MPS:AirForceOrganization
MPS:orgFunctionNomenclature="COMMUNICATIONS"
MPS:personnelAccountingSymbolCode="MLODFD6&C"
MPS:unitNumberldentifier="422">
<MPS:organizationType>
<MPS:AirForceHierarchicalLevel
EVT:abbreviationString="5Q" />
</MPS:organizationType>
<EVT:directParentOrganization>
<MPS:AirForceOrganization
MPS:personnelAccountingSymbolCode="FHC3" />
< /EVT:directParentOrganization>
</MPS:AirForceOrganization>

Integrity - Service - Excellence 24



55 Metadata Environment (MDE)

U.S. AIRFORCE

T
)

Metadata
Metadata R Registry
Registration (COlVocabularies)

Service -~

T
2

Discovery DDMS
Service Metacard
Automated Catalogue

Metadata -

Population

Service (AMPS) e d T
etacar v

Registration \
Service UDDI Service

Registry
.

MDE Web
Application

\ 4
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A 4
\.g./ SAF/US(M) Contacts

U.S. AIRFORCE

SHAWN H. O'DAY, Lt Coal, USAF
Chief, Data T ransparency Branch &
USAF COI Panel Chair
Enterprise Transformation
SAF/US(M)X
703-588-2698 (DSN: 425)
shawn.oday @pentagon.af.mil
Dr Alan Belasco
Enterprise Vocabulary Team
SAF/US(M)
703-588-7833
alan.bel asco.ctr@pentagon.af.mil

Integrity - Service - Excellence
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Wisnosky, Dennis E.

Semantic Technology in the Department of Defense



DennisE. Wisnosky, DoD
BMA CTO &
Chief Architect in the
Office of the Deputy Chief
Management Officer

Semantic Technology in the
Department of Defense



DCMO CTO/CA

Missions of the DoD

Warfighter Business Intel Mission
Mission Area  Mission Area Area

Enterprise Infolmation Environment

SECDEF

DEPSECDEF
CMO

\
usD (1) USD (P&R) USD (AT&L) DCMO ASD(HD) ASD (NII)CIO usD (C)

Dennis E. Wisnosky, DoD BMA CTO &
Chief Architect in the Office of the
Deputy Chief Management Officer (DCMO)

4/12/2011 DWiz DoD DCMOBMA CTO & CA 2



Flight Deck Management Challenges

Cockpit Resource Management
by jazzmonkeydr

http://www.youtube.com/watch?v=gh42k3Kvxck

DoD Management Challenges


http://www.youtube.com/watch?v=qh42k3Kvxck�
http://www.youtube.com/watch?v=qh42k3Kvxck�

My Introduction to the DoD

| want to make

i i

- h 4 R s T, & -
i i =1 s ] sense out of this.
"-‘-lr_"-'ﬂ' L- v L ]
T e e How do I do that?
Sl 1 e
Gl om e %o Tl
= R e S e S S i
zﬁ:wfﬁ .ﬁ" Pt -{J <
oy e ras -
P M e
A S =afE = —F i e
P = ke
Fren = o - B

L ik : ) o o Tl

e e T A e |
s :‘ Lmﬁ‘;\} i_-..-_:-.ﬁi ?:":1'- B Emaryt G T S T el gt h.?mﬂ
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Strategy and Roadmap for DoD Business

Operations Transformation

Present Future
(BOE Execution Roadmap) (BMA Technical Transition Plan version 1)

CV & Primitives
Arch. Fed.

MDR 1
Biz. Intelligencel

— Federation :
Implementation
Plan

Version
2.4a

Data Sharing and
Bl Enablement

Roadmap:

Data Integration
Architecture

|

|

|

|

|

|

|

|

|

Governance !
Socialization :
Services |
|

|

|

|

|

|

|

|

|

|

|

|

|

Business Intelligence

. Common Vocabulary

(Ontologies)
Rules/Workflow

Security

Infrastructure

FM Execution
Logistics __ DBSAE
RPILM SOA

WSLM/ 'Smp-
trategy
VISSYY

[] Vision & Strategy
[l Planning & Roadmap
[ Infrastructure

B Governance
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Business Mission-based; End-to-End based;

Branch office-based;

readable withina analyzable;
readable but not , o _
Business Mission; executable; integrated
analyzable; .
: not analyzable; not with & consumable by
stovepiped _ _ _ _ )
integrated with solution solution architectures

4/12/2011 D— 7



- H Mrlrﬂ - Dwell
Strategic T 1 |ﬂ | | [
Objectives ) lﬂl\  Time

4.2.10 Percentage of the Dept. AD who meet
\l/ objectives for time deployed vs time at home

4.0 Preserve and Enhance 2.0 Support Contingency
the All-Volunteer Force Business Operations

=) e
-
|

BEA
Ontology
Semantic

Description

DoD Personnel Management E2E

Detarmine fopmval, Genemie Generate Camplei Orap,Transter
astrament muumun Sutme Asvien
mlrem ent Counming Caunseing Reéqust Reguest DHnnlwal Razrzmen: gzzrement Azzremen: Memzz s num
+

Enterprise
E2E and
OSsD

Policies

Human Resourmes Hanagem ent

Operational
Process and
Service
Policies




User executes
BP

uery\BEA directly:
> Enterprise

analytics

» Compliance

» IRB/portfolio

management

OMG Primitives

Conf | BP models
on om;agceca;,s - R B
’ described

BP executes via BEA directly\l/

Acg Domain
Vocabulary .+

Real Prop Domain
Vocabulary

Svc Member

Business Enterprise
... Architecture:BEA &

-
phuus

(EDIPI)

*

"""" " Log Domain
------- ..,..Vocabulary

%

[Fin Domain
....... =**" Vocabulary

W3C Open Standards Legend: < Data describedinRDF " Relationship describ

Ala™ /"1

MNAVAI S N INZARARAANADPDRARAAN 7~ TN O —~ A

Warfighter Domain
Vocabulary

An “Ah-Ha” Moment

/
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Ontology-Based Information Integration & Analytics

Graphl

4/12/2011

DoDAF Wizdom

hasTitle

California University of Pennsylvania

A
hasNamg

graduatedFrom

Dennis Wisnosky university

hasName

asName
University of Dayton
University of Pittsburgh

ry

Who wrote “DoDAF Wizdom”?
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Ontology-Based Information Integration & Analytics

Where was Dennis Wisnosky born?

Graph?2

hasName

Dennis Wisnosky locatedin @

4/12/2011 DWiz DoD DCMOBMA CTO & CA 11
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California University of Pennsylvania

A
hasNamg

graduatedFrom

DoDAF Wizdom

3

Dennis Wisnosky

hasName

hasTitle asName
University of Pittsburgh

Graph3 =
.
|
|
Wikipedia Dataset: Who wrote “DoDAF -
Wizdom™? n
DoD HR Dataset: ~ Where was Dennis .

Wisnosky born?
Combined Dataset: Where wassNigeer

- o

borr
4/12/2011 DWiz DoD DCMOBMA CTO & CA 12
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OMB Budget Grouping

Communications and Computing Infrastructure
Information Assurance Activities
Functional Area Applications
Related Technical Activities

Total DoD IT Spending

57% of DoD I.T. Costs are in Infrastructure

| |
Number of - FY 2010 1T Spending 1

Programs - $ Billions
1,547 $16.3
353 $3.2
3,244 $13.2
156 $1.0
5,300 $33.7

SOURCE: http://www.whitehouse.gov/omb/e-gov/

DoD Projects Have Own Data

DoD Contractors Build
Separate Infrastructures
& Dictionaries

Projects

Project - = $100 Million

Projects - = $10 Million

Projects - < $10 Million

Tortal

$ Billions

Total DoD I.T. Spending

DoD Spending on Contractors

% of I.T. Spending Contracted Out

FY05 FY06 FYo7
$28.7 $299 $30.4
$21.1 $22.6 $24.1

73.5% 75.6% 79.3%

07 Budget Number of % of Tortal % of
% Millions Projects Budget $ Projects
$10,301 43 33.9% 1.3%
$15013 525 49.4% 15.4%
$5,066 2,832 16.7% 83.3%
$30,380 3,400 100.0% 100.0%

4/12/2011
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Can Do It
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of electrical engineering allows a

This agreed upon representation
common understanding...

Capacitor symbol

Resistor symbol

] _Ur_r_ | /_.Cl!r..l,..x ,,_.‘ mgﬁrc_r_r_c_.?&f.,r_:_ f./\
K i

A

I __.._.- 4—.r0 _._a_<w
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Symbols

Standard

Engineering Language
" and Symbols:

Resistor symbol M

Capacitor symbol

This agreed upon representation
of electrical engineering allows a
common understanding...

*DoDAF 2.0 serves as the foundation
for architecture primitives

*Use Cases being developed and
used to drive pilots

4/12/2011

Music Language and
Symbols:

L
L]
Music Scale symbols “+ o

i CDEFOQABCDEF

informed
influences

Notes symbols

PriMo
Modeling Guide

This agreed upon representation
of music allows a common
understanding...

OVER THE RAINBOW

foundation

PrOnto |
Ontology (Lexicon)

Standard
Language

input for

DWizDoD DCMOBMACTO & CA




Primitives to Patterns

Provides basic definitions
the architecture model
semantics

Provides elementary rule
the connectivity of primi
constructs

Provides foundation buil¢
blocks for constructing
architecture products
Caveat: Acommon
vocabulary by itself does not
guarantee high quality
products

- : T N
=y NEWS FLASH!
"~ OMG Selects DoD Primitives

asaBPMN 2.0
ConformanceClass!

PriMo

yle guide provides
jective advice that will
ure the design of high
lity products

yle guide advises on

— Choice of words

e Which constructs
are appropriatein
a given situation

— Choice of grammar

combine

Will IndustryCarQ? tsto

eeeiom effect



4/12/2011 DWiz DoD DCMOBMA CTO & CA 17



Common Vocabulary Development

» ldentify information to
communicate

» Agree on terms and
contextual use

» Communicate

“Now! Thar should clear up
a few things around here!”

I ~ Common Ways to Build Architecture



Building Common Vocabularies

Whatis the Which Which data/ Who/What
architecture processes/ resources will will be
supposed to activities will be consumed involved?
achieve? provide the orproduced?
capabilities?
p
Capability Activity Resource Performer
Vocabulary Vocabulary Vocabulary Vocabulary
\_
Items: Items:
* Objectives Items: Items: *Roles
* Features *Verbs *Nouns * Systems
*Services * Actors
( e ) ( ) 4 ( )
Capability Process Data & Rule] Process
View J L View N

Clear and Unambiguous Guidance



Travsr,

DoD Architecture Framework Processes Best-Practice

http://cio-nii.defense.gov/sites/dodaf20/journal_exp3.html

4/12/2010 DWiz DoD DCMOBMA CTO & CA



Department of Defense Enterprise
Information Web (EIW)

BLUF ™

4/12/2010 DWiz DoD DCMOBMA CTO & CA 21



Bottom Line Up-Front (BLUF)

" The Enterprise Information Web (EIW) is
pioneering the adoption of Semantic Technology
and approaches that can be the way forward for
enterprise business intelligence and solution
architectures in the DoD.

History



EIW History

Problem: Personnelvisibility (PV), accurate and timely pay
Alternative: Build an enterprise ERP for HR functionality across DoD

Measure Outcome

Agility 10 year program, system did not pass
Integration Testing and Acceptance Testing

Interoperability 100+ planned point-to-pointinterfaces to
legacy systems; 1/3 successfully built and
tested

Savings >5SSSSSSS spent, system not fielded

Post-DIMHRS Personnel Visibility Problem Persists

Personnel Visibility Interoperability/Federation
DoD currently lacks the enterprise level e Standards & transactional systems in
capability to quickly and accurately account constant state of change
for personnel, manage troop strength, and e Relationally-based architectures

plan _

4/12/2010 DWiz DoD DCMOBMA CTO & CA 23



Status quo

DIMHRS

Traditional
Warehouse

Semantic
Approach

4/12/2010

Single military personnel and

Set up a traditional network of

Semantically describe personnel
and pay information assets, pull,

Alternatives Considered

Manual aggregation and Process known
gathering of information in

disparate systems

Efficient; accurate
pay system

Known model and
data stores to pull and store technology stack
personnel and pay related

information

Federated data = data
lineage; powerful
analytics; virtual data
(no duplication); easier
to modify and maintain;
highly extensible

aggregate and display (vice
store)

DWiz DoD DCMOBMA CTO & CA

Labor intensive (eg:
daily JPERSTAT report
consumes 70 person-

hrs); uncertain data

lineage

DIMHRS not fielded;
Political change curve
substantial

Duplicates data; costly
to develop & to
maintain; very costly to
modify

Maturing technology;
Technology change
curve exists

All In

24



§)New Approach to Personnel Visibility (PV)

The HR Enterprise Information Web (EIW) is a mechanism for reaching into Authoritative
Data Sources (ADS) to satisfy enterprise information needs. It accomplishes three things:

1. Reports near real-time, authoritative information on-demand
2. Supports enterprise information standards (Open; HRM ES)
3. Supports IT flexibility/agility

Multiple Sources Aggregation Single view

HR HR HR
Data Data Data @ E I W Welcome to ETW Analytics

Store Store Store

O uuuuuu 2
DMDC Data Stores g\ N
E..ﬁ o—— Federator o _‘ ' B —’ l

Services Data ——— g
Spending
ig' Spnst BLIET) G (Tmsse
External Data = g

Dramatic Benefits




EIW Benefits

e Visibility: pull & display (vice store!) enterprise information directly
from the authoritative data sources

e Agility: plug-and-play federated environment so new systems or -

analytical needs can come online and go offline without disrupting the = B,
overall environment —

e Access:build federation into the solution

e Standards:leverage BPM and Semantic Web technology standards
(RDF/OWL) developed by DARPA and approved by W3C and OMG

e Savings:People readable Architecture, Machine readable
Architecture, Executable Architecture, Long-term re-use of authoritative
data

Accopiarce
Coterce

ol o e s Micen *
fentoa - Oncrepancy +— et Tl —
Raneres vereation e st e and Services | “SCELY
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EIW Roadmap: Phased Approach

- HR Ontology Development

- D 4
ClEJ HRM Enterprise Standards Modeling & Enterprise Analytical Needs Discovery

8‘ ADS/BPA Modeling: ClI I ADS/BPA Modeling: Federated Ontology y,
) |

o |

8 ADS/BPA Modeling: Separations !

>

S -\/Iodeling: Military Leave p,

(@]

= I

c

@) | ADS/BPA Modeling: Increment 5-N y.

|

- |

c I Secure
GE) e Federation
o Federation

o Local Distributed &

g.) Federation Federation

< SPARQL Sparqgfizer

(@)

> end-points

g Extension

-_ RDF Triplestore

(@)

I Modeling

= g

o

— Delivery every 90 Days

FY10 FY11

Qtrl Qtr2 Qtr3 Qtr4 Qtr1

Legend: ADS/BPA = Authoritative Data Source/Business Process Ar
4/12/2010 DWiz DoD



PoD Progression

4/12/2010

PoD5:

Dashboard ata from relational store at

a1 1.0 release, support

HTTPSh 43 for%traffic v IVSPAR Ak External Data
| o | N ; Source(s)

DMZPARQ arTu quUeTy
Flrewall Common  FFESKEIr

ore

Vocabulary atriple
ﬁ

Ontology

Mapping
Ontology

Extensibility and Reuse
* PDA Metrics Added
e USMC MCTFS Ma

PDA Metrics

ings reused

DWiz DoD DCMOBMA CTO & CA

28




Operations— Country View:
User Defined Query

@GoogleMapsDemo x W3 ||—|E\ x|
€« 2| C| % http://184.72.247.236:3080/pod3/ > ”& 2 O £

[™] Spry Enterprises, Inc.  { M30.mil ['] CommonVocab [} Queries and Views [) Templates

Calendar |E Pandora Radio - List... [] Personal Email O M30 . BigTime: Main Menu [ Other bookmarks

o

Pod 3 Dashboard

Tabs

I Map ] Compensation ] Separation I UCE Country View

Satellite Terrain

Select Desired Language:
FRENCH
HAITIAN CREOLE
Select
- 3
°F British irgin
Puerto " nous Select months until member is eligible to retire:
“Rico S

virg
Islan

3
ES

PACOM. 3 SSH % First Name Last Name Loc. Rank Primary MOS uuc
EUCOM, 1

souTHCOM, 1 664887701 CukymGrizY PAgimg.imX 51 Al MOS180 NORTHCOM
1040784003 dakfipoLeZ cIXksHOITs 06 1STSGT MOS8999 NORTHCOM
2060149898 TjzzRullcrw FaWInSxZ0s 06 SGT MOS321 NORTHCOM
CENTCOM, 2 E
2886040741 XnazuYKsEg CcFAWMVTIUM 08 LTcoL MOS202 NORTHCOM =
240226098 KeVVSFahaY KBKWICTal 51 6T MOS3531 NORTHCOM
2768415363 VFybafiiyC RRmreZlQgb BG S5GT MOS2671 PACON
AIRLER 3395337019 QVERCxUKOp |FGibvaOr 51 CPL MOS4641 NORTHCOM
2313602753 SIURSCyABW sOionznFxr BG 6T MOS341 PACOM
NORTHCOM, 11 350157891 TIbKjnt NAK VXSHSZPDM, 51 56T MOS431 NORTHCOM
613173606 (0JWiUEErp GpZbpatimy 1z LTcoL MOS302 CENTCOM
2803128426 SiaTKGHIuh P IGQuUHVF 51 GYSGT MOs8276 NORTHCOM -
Total
Members:20

Dialog

0 About
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EIW Ontology Architecture

 ——.

= N L
o

Mapping Mapping
\ Ontology \ Ontology
Source . Source
L L

~ Ontology _ Ontology

‘ Data Source \

4/12/2010 DWiz DoD DCMOBMAC
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BPM Methodology

Goal: Develop correct, consistent, human and machine readable, high quality business process
Systematically Designed Architecture Products

del BPMN
moaeis Primitives Guidance
Approach: SME Feedback
:_ _Input Output
Process Artifacts Initial Semantic Models . ves
' Outputi =9
E ______ —‘ Modeling Prdcess ph;c:de':—‘ls
'E Medel Avaliable for
I [ —— ———— Comiplete? Implementation
EPM upe :crn:;ﬁ .
B Reuse tions
Identified ——— for §MEs?
Collahoration takes place in
BP Modeler Questions
Mo
Benefits: * Machine readable (queryable) business processes
* Consistent, semantically aligned (end- to-end * Perform gap analysis
* Standards based models result in fewer errors

HR) business processes
* Communicate effectively with the Services during implementation
_ .

DWiz DoD DCMOBMA CTO & CA
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) Community Workspace: www.Common Vocabulary.army.mil

R https://www.commonvocabulary.army.mil/ui/groups/HR EIW

| CommonVocabulary- Human Resources - Microsoft Internet Explorer I . h . I .
File  Edit Wiew Faworites  Tools  Help Imp ementl ng t e Capabl Ity by
- . Y B . ]E deploying business services
e Back @ @ @ {h /:) Search ‘E,/\S-‘Favnrltes @ B A .{F |b_‘.ﬂ LJ @:{ ﬁ .:ﬂ p y g
Address |@ hitkps: s, cammanyacabulary, arme . miluifgraops /HR_ETW fvocabfHoman_Resaurces V| Go
GOL:S[E ‘ w lg':' Search ~ 1+ 50 ~ d}' Q Sidewili - "é}check * &3 Translate ~ ﬂ.ﬁ.utoFiII v &; % v I\:,I Sign In -
ey
Find: a ehtambob  Log out
Commanvocabulary My account  Community  File  Edit  RSS Feeds
Human Resources
Community HE_EWY wocabulary Human_Resources
_ Froperties - Graph | ROF | Dizcuzsion | Hiztary | =
[E =ace..cas) ~ Contents
C | &ccumulatar 1 Technical Specifications
C |AdditionalProperty [ d2re | 1.2 Owerview
C |Address
C AoreementType g . . .
C \Alldtmert Technical Specifications
C |&lctmertDesignes
C mllowedvaluesClasses 1
C | &pplication_Status 7
C |&pplication_Type
C |Attachment Ontology Mame
C |BankAccount hittp:fwirs. knoodl. comiuifgroups/DIMHR S vocab/Human_Resources!
C (Casualty dssistancePackage
C [CasuattyincidentHostiity Type Dependencies
C \CasualtyinvestinationReguirement Namespaces
C |CasualtyReport htt
C (CasualttyStuationMotificationType D | d?rq. hit
- d2rg-ext: htt
[liD2r. Mem) e h
N — v C tt
1 T | =D ja: http:/ijena. hpl. hp.cam/2006/1 1/Assemblerd
— — nod: httn: faasss Lnnndl carmdfoifernnn e DIMHBE S Avneah Do kte f i
&) 4/12/2010 DWiz DoD DCMOBMA CTO & CA S @ nternet 32



https://www.commonvocabulary.army.mil/ui/groups/HR_EIW�

HR EIW and H2R E2E

Personnel Visibility not possible if DoD doesn’t
understand the Enterprise H2R E2E processes,
information flows, data sources, integration points,
standards and exceptions

Q T """"""""" CL _=———
E

Hurnan Resources

Eg: how does the — Need to know: where
“Pay” process o A — - “\in E2E, which ADS,
workacrossDoD : semantics (meaning)

inthe E2E? of data, and access

4/12/2010 DWiz DoD DCMOBMA CTO & CA



Application Dev. Steps:

1. Identify Data to be exposed

2.  Identify sources and SME’s
(Subject Matter Experts)

3.  Relate system data to
ontology/SFIS Business &

Rules
Source Ontology 4.  Systems provide query to
SystemData | Aliases expose their data

5.  Apply business rules and
assign domain aliases, and
populate the semantic
store.

6.  Apply User Interface (i.e.
Google Gadgets) to access
multiple federated source
data into comprehensive
enterprise views.

Alias 1
Alias2
. % Col3 Alias3
Alias4

4/12/2011



Financial Management Domain

L.tlgi;.l | |

Common Server b g

. 2
® 1l  —

@ Logistics Domain l[i\
FM Domain Vocabulary A .
(Ontologies) and rules for T
machine reasoning @
A
\\\ — [’EI ‘I::::

<
Sal \v v ¢

Y Y

SQL

® 1l DoD-Wide Enterprise
Business Intelligence

Data Sharing

Reporting

Ad Hoc Query
Knowledge Exploration
S Wil
9 !.‘!li

Authoritative Data Stores

>

Budget Execution

Metrics

Budget
Execution

Metrics OCoO
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Agile, Architecture-Driven, DoD Business
Capability Delivery

Govemance

Policy , Processes, Tiered Accountability

Data Implement

Authoritative Data Sources
Semantic Technologies

Common Architecture Methodology
Common Vagabulary Phased Implementations

Agile Business Services Delivery

Standard Representation and Composition
Primitives and Design Patterns

\ S
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(AN End-to-End (E2E) Business Models in the
R s DoD Business Architecture

DBSMC endorsed using and extending the E2E
framework to evolve the BEA

DEPUTY CHIEF MANAGEMENT OFFICER
9010 DEFENSE PENTAGON
WASHINGTON, DC 20301-9010

R4 L
- business process
MEMORANDUM FOR SECRETARIES OF THE MILITARY DEP.’\RTMEI}'TS s 15 E2E husmmess lifecyvcle
CHAIRMAN OF THE JOINT CHIEFS OF STAFF :
UNDERSECRETARIES OF DEFENSE
COMMANDER, UNITED STATES TRANSPORTATION COMMAND
ASSISTANT SECRETARY OF DEFENSE FOR NETWORKS AND

BEA captures the following:
(r)NFl;(l)mATION INTEGRATION/DOD CHIEF INFORMATION ::::‘Lllj\l,;ﬁl.;l'l::‘tzll'l:l N E n t er p r| seca p a b | I | t | es

DIRECTOR, COST ASSESSMENT AND PROGRAM EVALUATION bing o comman language
DIRECTOR, ADMINISTRATION AND MANAGEMENT - b
DIRECTOR, NET ASSESSMENT Iripgion Framewor

DIRECTORS OF THE DEFENSE AGENCIES nesss Process Maodeling o Pe rfO rmance met rlCS d | |gn ed to th e DoD

DIRECTORS OF THE DOD FIELD ACTIVITIES bse opsn standards shall b

SUBJECT: Use of End-to End (E2E) Business Models and Ontology in DoD Business Architectwres  [edl OF asserting camplinnce St rat eg| C M ana ge ment Pl an (S M P)
DoD historically spends more than $6.0B annually developing and maintaining a -

rifolio of than 2,000 business syst d Web services. Many of these systems, and
T undeying poceees ey ugpat, we 700 gt Tocy s defvs it b deive and organize BEA * Processes, data standards and rules for

capabilities that optimize a single business pracess with little consideration to the overall the BEA will be

business enterprise. It is imperative, especially in today’s limited budget environment, to ) " . ol
aptimize our business processes and the systems that support them to reduce our annual business kzation efforts related o I n te ro p e ra b I I I ty
systems spending. bcyvele models. Initial

The Defense Business System Management Committee (DBSMC) embraced the E2E
business lifecycle model as a viewpoint to frame and understand our business environment,
Further, the DBSMC endorsed using and extending the E2E framework to evolve the Business g the new approach

Enterprise Architecture (BEA) withi the context o the Do Enterprse Avehiectre. This o BEA will be a tool to drive portfolio

essential framework will be used by the DBSMC and the supporting Investment Review Board
(IRB) process to guide and constrain business system investments and conduct business process

reengineering determinations as required by statue. o[} Cheef Informabion m a n a g e m e n t a n d Busin ess Pro Cess

This memorandum outlines a new approach to leverage the E2Es defined within the BEA

and provides the illumination necessary to achieve the management and interoperability required H H

by statute. The Assistant Deputy Chief Management Officer will issue additional guidance to T, hiteci wd Reen In eer’n g
" ) é L " terprise Archibectunes ar

ensure these approaches are clearly applied to these management efforts, Additional guidance

will identify future “time boxed” BEA development activities in consultation with the E2E

Governance Council.

) e . . . . logics within the BEA.
A is th fining th o E H
e 0 Bits Ui o e e Dpmment s sl e BEA 8.0 Release captured the and defined the

Strategic Management Plan; processes, data standards and rules to permit system and Web service fompanent and Agency
= STTATT 5 TFIIT IO wa partucipalion and ’ H H

conformance with procedures and processes described herein. The DBSMC will receive Depa rtment S 15 E2E BUSlness LlfecyC|e mOd eIS
guarterly BEA updates via the EZE Governance Council.

My polnt of contact for this mamer i Robert Jennings, roberl jenningsi@osd mil or 703
G14-0214,

e BEA 8.0 further provided a detailed level
Ml business process models for the Procure to Pay
e A NG E2E to include information exchanges
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DEPUTY CHIEF MANAGEMENT OFFICER
9010 DEFENSE PENTAGON
WASHINGTON, DC 20301-9010

AFR 4

MEMORANDUM FOR SECRETARIES OF THE MILITARY DEPARTMENTS

CHAIRMAN OF THE JOINT CHIEFS OF STAFF

UNDERSECRETARIES OF DEFENSE

COMMANDER, UNITED STATES TRANSPORTATION COMMAND

ASSISTANT SECRETARY OF DEFENSE FOR NETWORKS AND
INFORMATION INTEGRATION/DOD CHIEF INFORMATION
OFFICER

DIRECTOR, COST ASSESSMENT AND PROGRAM EVALUATION

DIRECTOR, ADMINISTRATION AND MANAGEMENT

DIRECTOR, NET ASSESSMENT

DIRECTORS OF THE DEFENSE AGENCIES

DIRECTORS OF THE DOD FIELD ACTIVITIES

SUBJECT: Use of End-to End (E2E) Business Models and Ontology in DoD Business Architectures

DoD historically spends more than $6.0B annually developing and maintaining a
portfolio of more than 2,000 business systems and Web services. Many of these systems, and
the underlying processes they support, are poorly integrated. They often deliver redundant
capabilities that optimize a single business pracess with little consideration to the overall
business enterprise. It is imperative, especially in today’s limited budget environment, to
optimize our business processes and the systems that support them to reduce our annual business
systems spending.

The Defense Business System Management Committee (DBSMC) embraced the E2E
business lifecycle model as a viewpoint to frame and understand our business environment,
Further, the DBSMC endorsed using and extending the E2E framework to evolve the Business
Enterprise Architecture {BEA) within the context of the DoD Enterprise Architecture. This
essential framework will be used by the DBSMC and the supporting Investment Review Board
(IRB) process to guide and constrain business system investments and conduct business process
reengineering determinations as required by statue.

This memorandum outlines a new approach to leverage the E2Es defined within the BEA
and provides the illumination necessary to achieve the management and interoperability required
by statute. The Assistant Deputy Chief Management Officer will issue additional guidance to
ensure these approaches are clearly applied to these management efforts, Additional guidance
will identify future “time boxed” BEA development activities in consultation with the E2E
Governance Council.

The BEA is the Enterprise’s blueprint for defining the Department’s business
environment. It captures required Enterprise capabilities; metrics aligned to the Department’s
Strategic Management Plan; processes, data standards and rules to permit system and Web service

3 [0S
 husiness lifecycle
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guarterly BEA updates via the EZE Governance Council.

My polnt of contact for this mamwer is Robert Jennings, robert jenningsi@osd mil or 703

Gld-0214,

T
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3 v e palion and
conformance with procedures and processes described herein, The DBSMC will receive

DCMO Memo signed 4 April 2011

Subject: End-to-End (E2E) Business Models in the
DoD Business Architecture

End-to-End (E2E) Business Models in the
DoD Business Architecture

In order to facilitate integration of the systems
and business architecture within the E2E lifecycle
models, the BEA will be described in an ontology
using a common language — {World-Wide Web
Consortium (W3C) open standards Resource
Description Framework (RDF)/Web Ontology
Language (OWL) and modeling notation (Business
Process Modeling Notation (BPNM) 2.0 Analytic
Conformance Class (Primitives)}

The E2E Framework shall be used to drive BEA
content within the federated BEA ontology

Future releases of the BEA will be synchronized
with our highest priority system acquisition and
modernization efforts related to critical activities
within the Hire-to-Retire (H2R) and Procure-to-
Pay (P2P) lifecycle models

4/12/2011
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Albania will stay in Afghanistan until NATO's Mission is over

By Dr. Arian Starova, Deputy Minister of Defense. Albania

Enakling Coalition Conversations: The JTRS COALWNW
Project
By Michael N. Daily and Ashley Blumenfeld

Engineering Enterprise Architecture: Call to Action
By Dennis E. Wisnosky

METSAFA: U.S. Navy's agent for managing international
training and building partnerships
By Steve Vanderwerff

Growing Foreign Sales Builds Partnerships
By Kari Hawkins, USAG Redsione

V-22 Changes Typical Helicopter CONOPS
How Y-22 Osprey is lowering risk while saving mission costs...
By Kenneth \W. Moritz

Rapidly Fielding Warfighting Technelogies: Recegnizing
Performance
By Colonel Richard “Eric” Burns. USAF

The Evolution of US Force Protection Systems
By Arthur Cashin

The Math Works! NSM +JSM + $600M (R&D) = F-35
By Harald Annestad

STAR-TIDES: Sharing Sustainable Solutions
By Dr. Linton Wells Il and Lou Elin Dwyer
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Engineering Enterprise Architecture: Call to Action

By Dennis Wisnosky

Mnapmmumm-msemmmm (Ea)rmnm«ns,
methodologies, languages,

*standards’ Mxenvevlhrtyyearsulimlw\amddﬂrms
with respact to how to build an EA, yet there are no

best practices. There is no underlying enginesring discipline
or mathematics. Instead, an EA & viscerally 5ood or bad, useful
or not. When twe Architects cannot agree on a framework or 3
methodelogy, often a third one is born. When a community doss
reach agreement, the result s a stovepipe that ftself is isolated
from other communities.

Figure 1.1 Just a few of the Enterprise Architecture framewarks utilized
today

An EA is, or should be - a blusprint, a model, & schamatic
diagram, a recipe, or even a formula that will lead t a specific
predetermined result. Sadly, sometimes even tragically, based
upon the amount of time and money xpanded, many or perhaps
most EA's, have no practical value. They are built and shelved.

It 15 time to changs this paradigm. It is time to approach the
building and use of EA within the contsxt of an enginesring,
or at lesst 3 business discipline. The experience of the US.
Department of Defense (DoD) over the Last 2 years demonstrates
that this can be dane.

Other Discinlines Gan Do It!
But This:

Why would we not want every Enterprise Architect be able to
read and understand tha meaning of any Enterpriss Architecture?
‘Why would we ot want computers to be able to execute the End
o End Business Procss Modals that EA can represent?

Background: The Dol Business Emterprise Architecture (BEA)

supports our Warfighter by ensuring that the right capabilities,
resources and material are delivered to them when they need it,
where they need it, anywhere in the word.

More specifically, the BEA guides and constrains implementation
of interoperable defense business system solutions and guides
information technology investment management to align with
strategic businass capabilitias. The BEA outlines and defines the
Department’s business transformation priorities, the business
capabilities required to support thos priorities, and the
combinations of enterprise systems and initiatives that enable
thase capabilities.

Point: The BEA is a big deal! It is significant in purpose, cost,
man power and maintenance. It is also one of many architectures
within the Department. The components, Army, Havy, Air Force,
Marine Corps etc_ have their own architectures, and these
architactures must comply and federate with the BEA

Issue: While th
0 build architecture, i does not prescribe & standard methodology
f how to model the architscture within the visws. This lack of a
common standard means that the same work is being done over
and over again. Certified Enterprise Architects cannot understand
one another's work; and if enterprise architectures (EN's) cannot

imagine the waste and zost assaciated with tryng o
and/or federate. The cost in time and money within the Dol i
substantial. But, it should not and does not need to be this way.

@ 57%f Dol L. Costs are in Infrastructure

Figure 1.2 A standard EA represen
neceszity!

Figure 1.3: Cast in time and moncy within the Do is substantial

Common Defense Quarterly
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2 U.S. Department of Defense
Office of the Deputy Chief Management Officer

§ : Dennis Wisnosky, BMA Chief Architect and Chief Technical Officer

Save the Dates: July 13-14, 2011

:

3rd Annual SOA & Semantic Technology
Symposium

Is a Team Sport

Interoperable Busin 3o perations
Through Shared (8/i]"'erstanding

More information to come. To be added to the mailing list please contact: Jessica.Zucal.ctr@bta.mil

Waterford at Springfield
6715 Commerce Street
Springfield, VA 22150

4/12/2011 DWizDoD DCMO BMA CTO & CA
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Huffer, Beth

Ontology-Driven Implementation of Semantic Services for the
Enterprise Environment



Mext Generation Air Tran:lE'url:atinn El_.lc:'ltEm
Joint Planning and Development Office

ODISSEE”

a guest to share information about
Information sharing

*Ontology-Driven Implementation of Semantic
Services for the Enterprise Environment
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Mext Generation Air Tran:lE'url:atinn El_.lc:'ltEm
Joint Planning and Development Office

Net-Centric Operations
In the NAS

VISION 100—Century Of Aviation
Reauthorization Act

SEC. 709. Air Transportation System Joint Planning and
Development Office

(c) GOALS.—The Next Generation Air Transportation
System shall—

(3) integrate data streams from multiple agencies and
sources to enable situational awareness and seamless
global operations for all appropriate users of the
system, including users responsible for civil aviation,
homeland security, and national security

S 000ceOd0




Mext Generation Air Trans nria‘hnn 5
Joint Planning and :v:lnprlcnt fll::

Net-Centric Operatio

Hurricane/ Disaster
Reponse

Drug interdiction

Internet

Customs/
Drug interdiction

m;\‘___

Eorder Protection
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MNext Generation Air Tran:%urtatinn Egéliem
Joint Planning and Development Office

Net-Centric Operations
In the NAS

DOD NET-CENTRIC DATA STRATEGY

»Ensuring data are visible, available, and usable when
needed and where needed to accelerate decision-making
»"“Taggng” of all data (intelligence, non-intelligence, raw,
and processed) with metadata to enable discovery of data
by users

» Posting of all data to shared spaces to provide access to
all users except when limited by security, policy or
regulations

.ﬂ"----
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ODISSEE 2011

ldentify and catalogue semantic technology
efforts across the federal government




NE:thE i AJT %rtatlnnﬁgutm

GEOS 1ADIL-)

~ Got standards?

ASTM F2595-07

@ ArcGIS Resource Ce

1ISO 11963:1995

1SO 11341:2

== ANSI 11507 2007 £

BSR =

NCSCI-STD- 012.5-
- . _ |

ISO 11963:1995 ASTM F2595-07
ASR-Y

wa FGDC-STD-012.5-
P4 | ANSI 015-2009

-STD-009.5-2006

13031994

FGDC-STD-015-2009

ANSI 013- 2007&
== NIE

ISO 11507 2007 [ein aformation syse

ISO 105-1303:1994

IEC 61969-1

FGDC-STD-024-2006

NCSCI 010-2009

GML FGDC-STD-010-2009

EC6 NCSCI-009.5-2006

o000



ODISSEE 2011

|dentify, evaluate and catalogue standard
iInformation exchange models such as
UCore and NIEM and semantic models
of common domains such as time,
geography, and events




Mext Generation Air Transportation System
Joint Planning and E:v:lnmcnt!{]"i::

9JINIBS (oM

web service web service

weather
MERTTESS forecasts
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Mext Generation Air Tran:lE'url:atinn El_.lc:'ltEm
Joint Planning and Development Office

ODISSEE 2011

Explore the use of ontologies to enable
service-oriented information exchanges,
Improve discoverability of services, and

align disparate data standards and
message models

10
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Mext Generation Air Tranaportation System
Joint Planning and Elzvzlnprlcnt!ilﬂil:z

Service
Navigation

Google-like
search engine

APIQuery

Interface (e.9. SPARQL)

mapping mapping

Ontology

9JINAISS (oM

mapping mapping
_ _ web service web service
-

flight weather
manifests forecasts

0000 1




Generation Air Transportation System
Joint Planning and E:v:lnpm:ntgﬂffi::

ODISSEE 2011

Coordinate ontology development across
diverse Communities of Interest to
ensure extensibility, interoperability and
reusabillity

12



ODISSEE 2011

Form a Community of Interest for
ontologists, data vocabulary specialists,
service developers, information
architects, and other information
technology practitioners

13
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Joint Planning and Development Office

THANK YOU

Beth Huffer

Concept Solutions

Contract Support for the

Joint Planning and Development Office
202-220-3418
elisabeth.ctr.huffer@faa.gov
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Metadata Matters: Ontology and Autonomy



\/ .
** Headquarters U.S. Air Force

U.S. AIR FORCE

Metadata Matters:

Ontology Driven Implementation of Semantic Services for the
Enterprise Environment (ODISSEE) Workshop Keynote

Dr. Mark T. Maybury
Chief Scientist of the U.S. Air Force

Air Force Pentagon (4E130)
Washington, D.C.

13 April 2011
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Department of Defense
Policies and Procedures for the

” Authorization Act: Section 804| ==

DSB TF on Acquisition of Information Technology
Section 804 of 2010 NDAA:

\gs)
S |
.

&

* Early and continual involvement of the user

* Multiple, rapidly executed increments or releases of capability

* Early, successive prototyping to support an evolutionary ]

* A modular, open-systems approach. | e
DepSecDef Dec 9 Report to Congress— Guiding Principles:

* Deliver early and often

* Incremental and iterative development

* Rationalized requirements R

* Flexible/tailored processes

* Knowledge and experienced IT Workforce

Industry: “Institute continuous, iterative, development, test, and certification
processes that drive the commercial IT state-of-the-art to deliver more
trusted, standard, off-the-shelf building blocks ... “bundle” trusted
components.”

Rapart 12 Cosgn -

Cefice of the Scretary of Defarss

Approved for public release, Distribution unlimited



The DoD Net-Centric Data Strategy (DoD CIO May 9, 2003)
plans to make the Department’s information resources:

Visible Is an information resource discoverable by most users?

Is it available on the network, and are tools readily
available to use it?

Accessible

Can it be intelligibly used? Are the semantics well

Understandable
documented?

Are the source, security level and access controls of the

Trusted !
data available to users?

Can it be combined or compared with other information?
Can it be mediated?

: Is the data what users need? Are robust user feedback
Responsive : : : :
mechanisms in place to improve it?

CC/S/As must institutionalize processes to accomplish these goals

Interoperable

Approved for public release, Distribution unlimited 3



DoD Policy

m DoD Net-Centric Data Strategy (May 2003)

* “To facilitate discovery of data assets, users and applications
will provide discovery metadata, in accordance with the DoD
Discovery Metadata Standard (DDMS).”

m DoD Directive 8320.02 (Dec 2004, Apr 2007)

* “Discovery metadata shall conform to the Department of
Defense Discovery Metadata Specification”

m CJCSI 6212 (Dec 2008)

* “Data assets shall be made visible by creating and associating
metadata (“tagging”), including discovery metadata, for each
asset using DOD Discovery Metadata Specification (DDMS)
compliant metadata and posting it in the NCES Enterprise
Catalog or another compatible/federated enterprise catalog.”

Approved for public release, Distribution unlimited



DoD Discovery Metadata

Specification
DoD Discovery Metadata Specification: Core Element Diagram |
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DoD Discovery Metadata
Specification (DDMS

Data Catalog
(historical)

DDMS endorsed by
Executive Order 13388

“Further Strengthening The
Sharing Of Terrorism
Information To Protect
Americans”

DDMS Attributes

Security *

Title =%

ldentifier *

Creator =%

* Mandatory
** Mandatory if applicable

Publisher

Contributor

Date

Rights

Language

Type

Source

Subject *

Geospatial %
Coverage

*%k
Temporal Coverage

Virtual Coverage

Description

Format

IC: ISM

ISO: Dublin Core
ISO: Dublin Core
ISO: Dublin Core
ISO: Dublin Core
ISO: Dublin Core
W3C: Date & Time
ISO: Dublin Core

ISO: Dublin Core
ISO: Dublin Core

ISO: Dublin Core
W3C: OWL

OGC: GML

W3C: Date & Time

ISO: Dublin Core
ISO: Dublin Core
ISO: Dublin Core

DDMS: Leverages Industry Standards



axonomy Effort

m Purpose
® References for

ddms:Subject Coverage

m Approach

* High-level taxonomy

* Accommodate future COI
taxonomies

* Common syntax

* 3-level depth max

* Definitions & sources

o

SMEs from DoD & IC
m Products
* Syntax: OWL

* Registration: DoD MDR

®* DoD Core Taxonomy
v0.75cC

= Taxonomy Viewer - Windows Internet Explorer, provided by MITRE

- =]

G- E

datazuse.com

"| )| % |n"

8]

{3 Favorites @Taxummy Viewer

‘21 DoD Core taxonomy
(] Account
B0 Action
B Agreement
B Asset
B3 Capability
EH Business capability
EH Military capability
3 Intelligence capability

=

CI Signals intelligence capability

D Measurement and signature intelligence capability

CI Imagery intelligence capability

(O Counterintelligence capability
B Enterprise information environment capability
B0 Function
B (] Guidance
B Interval
B Organization
B Person
B0 Location
B Role
B Environment
®{ Event

<

Vocabulary Term Details

namespace hitp:/'metadata dod mil'mdr/ns TaxFG/0.75¢/Core_Tax_0.73c.owlz cached

id Human_intelligence_capability
label Human intelligence capability
The capability to derive intelligence from the intelligence collection
discipline that uses human bemngs as both sources and collectors, and
comment

where the human being is the primarv collection mstrument. Also

called HUMINT. {Source:JP 1-02}

Example Use within DDMS

<ddms:subjectCoverage>
<ddms : Subject>
<ddms:category
ddms:
ddms : code;
ddms:label=
</ddms:Subject>
</ddms : subjectCoverage>

Copy to Clipboard

Example Uses within UCore v2.0

'nttpi//metadata.dod.mil/mdr/ns/TaxEG/0.75¢/Core_Tax
an_intelligence_capabil '
Human intelligence capabilicy'/

<ucore:Wnat
codespace="http://metadata.dod.mil/mdr/ns/TaxFG/0.75¢c/Core_Tax 0.75
value='Human intelligence capability'/>

‘c;c::e:;dett;f;e:

¥

http://metadata.dod.mil/mdr/ns/TaxFG/0.75c/Core Tax 0.75c.owl

Approved for public release, Distribution unlimited


http://metadata.dod.mil/mdr/ns/TaxFG/0.75c/Core_Tax_0.75c.owl

IC Policy

m |CD 501 (Jan 2009)

* “standards to allow information to be discoverable”

* “Make information collected and analysis produced available
for discovery in accordance with this Directive”

m [CS 2007-500-3 Resource Metadata

* “This Implementation Profile for Information Resource
Metadata (XML Encoding), also known as IRM-XML, is a
statement of the Intelligence Community’s formal adoption of
the Extensible Markup Language (XML) encoding from the
Department of Defense Discovery Metadata Specification
(DDMS)”

Approved for public release, Distribution unlimited



Bk ikt fimetadata. ces. milfmdr firs /DOMS) V| @ *1|| % | @ Live Search |P "2

Go-
e

{.‘2 Favorites - 'i;‘§ M MIIHome M TRS-Web W Remote Access Portal @ | Mbridge @ Cutlook Web Access W MITRE Help Desk @ | Communicatar \Web Access [5) Microsaft Websites ~

>

| : >

| - B [ p=y v Page - Safety ~ Tools - (@~

wor Dol Discovery Metadata Specification {DDMS)

Department of Defense

DISCOVERY METADATA SPECIFICATION

Documents Configuration Management Tools DoD Metadata Working Group Data Visibility Contact Us

Department of Defense Discovery Metadata Specification (DDMS) Home Page

Announcing DDMS 3.0

Welcome to the Department of Defense Discovery Metadata Specification (DDMS) Home Page! Here you will find current information about the
DOMS and links to related documentation and resources. You can browse the DDMS category sets and review the definitions and examples as
they appear in the specification. If you're looking for DDMS related tools, you can find them here. If you're looking for the CM process
surrounding the DDMS follow the "Configuration Management" link. To contact the DoD MWG or the Metadata Registry team follow "The DoD
MWG" and the "Contact Us" links respectively. If you're just looking to get started with the DDMS right away, you can download DDMS release
Version 3.0 here.

Each DDMS Release includes all of the relevant information for that version of the DDMS including the DDMS Specification, the XML Schema,
Release Motes including the changes from the prior version and developers' notes, sample DDMS instance documents, and other related
information deemed useful for understanding that version.

We're always looking for ways to improve the DDMS Home Page so if there's anything you would like to see, please let us know.

Table of Contents

Current DDMS Information
DDMS Owverview

DDMS Category Owverview
Known Users of the DDMS

g B3 R

|

http://metadata.ces.mil/mdr/irs/DDMS/ G A
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Outline

m Why is ontology hard? -
m Why is ontology important?

m Can automation help?
m Future?
m Lessons Learned
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m Metadata: data about data
m Polysemy

m Ambiguity

m Hidden Meaning

m Author Intention

Approved for public release, Distribution unlimited




Outline

m Why is ontology hard?

m Why is ontology important? h
m Can automation help?

m Future?

m Lessons Learned
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Some AF Ontology Challenges

m Massive ISR collection

m Heterogeneous data integration

m Discovery of new and emerging “patterns of life”

m Real time information access

m Joint, Interagency, and Coalition information sharing

m Ontology essential for interoperability/integration:
* entities (people, places, things)
®* properties (time, location)
* relations (part-of, married-to)
* states
* events

Approved for public release, Distribution unlimited



Example Application Context:
Ontology as Information Mediator

Unstructured
Structured
N
Intelligence databases | Information/Ontology _World fact book
- Geospatial databases Extraction - Wikipedia
- Taxonomies - Email, listservs
- Blogs

Is X involved in
illegal trafficking?

Approved for public release, Distribution unlimited



Outline

m Why is ontology hard?

m Why is ontology important?
m Can automation help? -
m Future?

m Lessons Learned
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m Automated systems exist that can:

®* Return documents relevant to a particular subject with around
80% precision but low recall

* Identify entities in news with over 90% accuracy and relations
among entities at 70-80% accuracy

®* Provide gist quality machine translation in multiple languages

* Respond to a simple factual guestion by returning answers
from relevant documents at 75%-+ accuracy

Approved for public release, Distribution unlimited



F-Measure

rlurnan

English
Mandarin
Arabic

ioCredit:zv¢

GENES,

ENTITIES RELATIONS EVENTS proTEINS

Sources: Message Understanding Conference,
Automated Content Extraction Program, Event99, and BioCreative



Outline

m Why is ontology hard?
m Why is ontology important?
m Can automation help?

m Future? -

m Lessons Learned
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Example:
Video Queries on the Internet

m 1 Million search engine queries -> 209,496 well formed Qs
m Broad range of mediaincluding
* photographs (of people, places, objects, animals, events)

* video (of objects, events, shows, music, sports, dance,
robots, famous people)

* maps (of places, topics, events, directions, travels,
demographics), special maps (for street navigation, aviation,
sea navigation, stars)

m Limited by user expectations

* e.g., they did not ask questions about broadcast news,
surveillance video, UAV, meeting video

Approved for public release, Distribution unlimited



Animals

People
Places
Objects

Events

attributes Format, Size,
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m VERL includes

* Entities and events

* Functions and predicates (e.g., change, cause, enable)

®* Logical operators (and, or, not, imply, equiv)

®* Control structures (sequence, alternation, conditional, repeat-until,
do-while)

* Temporal relations (before, during ,after, meets, overlaps, begins,
inside, ends)

* Subtype /?Q

* Process (single, multi-thread) /e”t & t‘?}%‘"thmg
| Examples mobile instant interval

®* A causes B to change location from C to D: Ve@e\___

+ cause(A, change(located-at(B, C), located-at(B, D))
®* Xis moved from location from Y to Z:
+ process(move(thing x, ent y, ent z),
change(located-at(x,y), located-at(x,z)))

VERL: an ontology framework for representing and annotating video events. Francois, A.R.J.; Nevatia, R.; Hobbs, J.; Bolles, R.C.; Smith,
J.R.; Univ of Southern California, Multimedia, IEEE. Oct.-Dec. 2005 12(4): 76 — 86. http://iris.usc.edu/Outlines/papers/2004/nevatia-

Ontology_paper.pdf Approved for public release, Distribution unlimited



Some Lessons Learned

m Focus on simple, usable, useful, open solutions

m Employ multidisciplinary teams, iterative staged
process, scientific method

m Expect lack of documentation/expertise in legacy
applications

m Loose couplers can facilitate integration
m Automation can ease burden of manual data population

m Need to enable incorporation of new data forms (e.qg.,
audio, video) and genre/media (e.g., social media)

m Ontology merging challenging — differing cultures,
conceptualizations, purposes, authorities

m Focus on analytic/operational impact

Approved for public release, Distribution unlimited
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| keep six honest serving-men

(They taught me all | knew);

Their names are What and Why and When
And How and Where and Who.

| send them over land and sea,

| send them east and west;

But after they have worked for me,

| give them all a rest.

Rudyard Kipling
1865-1936

Approved for public release, Distribution unlimited




Questions?
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Kolas, Dave
GeoSPARQL: Using the SPARQL Query Language for Geospatial Information

The GeoSPARQL Standards Working Group within the Open Geospatial Consortium is currently
working to produce a common standard for geospatial query in an RDF/SPARQL context. The goal of
the standard is to provide a common language that can be used for Semantic Web knowledge base
systems such that spatial reasoning and indexing can be performed.

Thistalk will first discuss potential uses and applications for GeoSPARQL. Next the technical details of
the implementation will be discussed, including the representation of features, geometries, and the spatial
relationships between them; functions for spatial calcuations; support for DL-based spatia reasoning; and
query rewriting for abstract spatial relationships. Finally the talk will include information about the
current status of the working group.
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OPEN GEOSPATIAL CONSORTIUM

GeoSPARQL: Using the SPARQL
Query Language for Geospatial
Information

Dave Kolas
Matt Perry & John Herring
ODISSEE Workshop
April 2011

The OGC: Making Location Count
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Outline

X
* Purpose of the Specification

e Scope of Specification
 GeoSPARQL Vocabulary

e GeoSPARQL FILTER Functions
 GeoSPARQL Query Rewrite Rules
e Current Status

OGC



Purpose of GeoSPARQL

8¢
« Many problems for which semantic solutions are relevant

have an inherent geospatial context

— Which hospitals within 20 miles have appropriate treatment centers
for my patient?

— What airports within 50 miles of a mission objective can support a
C5?
 In order to efficiently perform geospatial reasoning, special
Indexing is required
— We cannot take away the ability to do semantic reasoning though

O G C )
Copyright© 2010, Open Geospatial Consortium



Scope

()
e
 GeoSPARQL is a minimal RDF/OWL/SPARQL vocabulary

for storage and query of geospatial information

— Should be able to be easily attached to ontologies with a need for
spatial information

— Represents *only* geometries and the concept of a Feature (a thing
with a geometry) and the geospatial relationships between them

* Result: triple store implementations can spatially index
Information in the vocabulary, and perform spatial
reasoning

e GeoSPARQL intends to be:

— Robust enoughto be used for ‘serious’ geospatial data
— Simple enough for Linked Open Data

O G C )
Copyright© 2010, Open Geospatial Consortium



GeoSPARQL

()
e
o Uses W3C’s SPARQL'’s extensibility framework

e Contains a shared vocabulary

— Feature Model and Geometry Model
— Minimal set of classes and properties supporting triple patterns

« Contains datatypes based on text-based geometry
serializations : WKT (augmented for CRS); GML

— 0ogc:WKTLiteral, ogc:GMLLiteral, ...
— Different conformance class for each serialization

e Contains shared set of FILTER functions
— For each Simple Features function

« Contains Query Rewrite Rules for spatial relations between
Features — both explicit (triples) and implicit (geometry)

OGC



GeoSPARQL Vocabulary

OGC



Basic Classes

ogc:SpatialObject

ogc:Feature ogc:Geometry

Explicitly typed as OWL
classes and RDFS
classes to accommodate
both types of systems

<rdf:Description rdf:about="http://www.opengis.net/rdf#Geometry' >

<rdf:type rdf:resource=

"http://www.w3.0rg/2000/01/rdf-schema#Class'/>

<rdf:type rdf:resource=

"http://www.w3.0rg/2002/07/owl#Class™ />

<rdfs:subClassOf rdf:resource=

"http://www.opengis.net/rdf#SpatialObject"/>

</rdf:Description>

OGC



Datatype for Geometry Serialization

/—\
4 \
y F 4 A\ /

)/

e Serialization defines the conformance class

e Initially conformance classes for WKT and GML

—GML Is used as-is for ogc:GMLLIiteral
—SRID URI is added for ogc:WKTLIiteral

<rdfs:Datatype rdf:about=
"http://www.opengis.net/rdf#WKTLiteral'">
<rdfs:isDefinedBy rdf:resource="http://www.opengis.net/rdf"/>
<rdfs:label>Well-known Text Literal</rdfs:label>
<rdfs:comment>

A Well-known Text serialization of a geometry object.

</rdfs:comment>
</rdfs:Class>

“<http://www.opengis.net/def/crs/EPSG/0/4326>
Point(-83.38 33.95)”™Mogc:WKTLi1teral
OGC



Why Encode Geometry Data as a Literal?

N

\_/
O Advantage: singleself-contained unit

Consistent way to select geometry information

Find all water bodiesthat are within 1 km of Route 3

SELECT ?water ?wWWKT

WHERE { ?water rdf: type -WaterBody .
?water -hasExactGeometry ?wGeo .
wGeo ogc:asWKT PWWKT .
Route 3 -hasExactGeometry ?r3Geo .
-r3Geo ogc:asWKT ?r3WKT .

FILTER(ogcf:distance(?r3WKT, ?wWKT,..) <= 1000)

Consistent way to pass geometry informationaround

OGC 9



Datatype Properties for ogc:Geometry

()
e
 Explicitly typed as owl:DatatypeProperty and rdf:Property

— ogc.dimension

— ogc:coordinateDimension
— ogc:spatialDimension

— ogc:isEmpty

— ogc:isSimple

— 0gc:is3D

— 0gc:asWKT Only one of these -- based
— ogc:.asGML on the conformance class

e Implementations may do both.

OGC



Object Properties

8¢

o Explicitly typed as owl:ObjectProperty and
rdf:Property

e Object Properties (domain ogc:Geometry)
—ogc:srid

e Object Properties (domain ogc:Feature)

—ogc:hasGeometry (range ogc:Geometry)

—ogc:defaultGeometry (range ogc:Geometry,
subPropertyOf ogc:hasGeoemtry)

OGC



Object Properties for Spatial Relations

8¢
« Domain / Range: ogc:SpatialObject

— 0gc:equals

— ogc.disjoint

— ogc:intersects

— ogc:touches

— ogc:within

— ogc.contains

— ogc.overlaps

Can be explicitly stated or inferred

through qualitative spatial reasoning or
guery expansion/transformation

OGC



Accommodating Qualitative Spatial Reasoning and
Quantitative Geometry-based Computations

O
18

Find all water bodies within New Hampshire

SELECT “?water
WHERE { ?water rdf:type -WaterBody .
?water ogc:within “NH }

i _ Qualitative R Back
Same Query Specification R RCC8 Backward

FILTER(ogcfT:relate(?wWKT, ?nWKT,

ogc:within, :-wgss4) } Specified with

aRIF rule

.
Quantitative
SELECT ~?water
WHERE { ?water rdf:type -WaterBody .
?water ogc:defaultGeometry ?wGeo .
?wGeo ogc:asWKT PWWKT .
- NH ogc:defaultGeometry ?nGeo . Query
?nGeo  ogc:asWKT ?2nNWKT . Rewrite

OGC .



Example Data

N

:Park rdfs:subClassOf ogc:Feature . |Metalnformation
:Polygon rdfs:subClassOf ogc:Geometry

:exactGeometry rdfs:subPropertyOf ogc:hasGeometry .

:MinesFallsPark rdf:type :Park . Non-spatial Properties
:MinesFallsPark :opened “1950-03-01"M\xsd:dateTime
:MinesFallsPark :exactGeometry :geol . Spatial Properties
:geol  rdf:type :Polygon.

:geol  :srid <http://www.opengis.net/def/crs/EPSG/0/4326> .

geol  ogc:aswWKT “<http://.../4326> Polygon((...))”"ogc:WKTL.iteral .

OGC



GeoSPARQL FILTER Functions

OGC



GeoSPARQL FILTER Functions

()
B o
e ogcf:relate ( geoml: ogc:WKTLiteral, geom2: ogc:WKTLiteral,

relation: xsd:anyURI, srid: xsd:anyURI):
xsd:boolean

e ogcf:distance (geoml: ogc:WKTLiteral, geom2: ogc:WKTLiteral,
srid: xsd:anyURI, units: xsd:anyURI):
xsd:double

e ogcf:buffer (geom: ogc:WKTLiteral, radius: xsd:real,
srid: xsd:anyURI, units: xsd:anyURI):
ogc:WKTLiteral

e ogcft:convexHull (geoml: ogc:WKTLiteral, srid: xsd:anyURI):
ogc:WKTLiteral

e ogcf: intersection (geoml: ogc:WKTLiteral,
geom2: ogc:WKTLiteral, srid: xsd:anyURI):
ogc:WKTLiteral

OGC



GeoSPARQL FILTER Functions

8¢
e ogcf:union (geoml: ogc:WKTLiteral, geom2: ogc:WKTLiteral,

srid: xsd:anyURI):
ogc:WKTLiteral

e ogcf:difference (geoml: ogc:WKTLiteral,
geom2: ogc:WKTLiteral, srid: xsd:anyURI):
ogc:WKTLi1teral

e ogcf:symDifference (geoml: ogc:WKTLiteral,
geom2: ogc:WKTLiteral,
srid: xsd:anyURI):

ogc:WKTLi1teral

e ogcft:envelope (geoml: ogc:WKTLiteral, srid: xsd:anyURI):
ogc:WKTLi1teral

e ogcf:boundary (geoml: ogc:WKTLiteral, srid: xsd:anyURI):

ogc:WKTLi1teral
OGC



Example Queries

O
18

Find all water bodies that are within 1 km of Route 3

PREFIX : <http://my.com/appSchema#>

PREFIX ogc: <http://www.opengis.net/rdf#>

PREFIX ogcf: <http://www.opengis.net/rdf/functions#>
PREFIX epsg: <http://www.opengis.net/def/crs/EPSG/0/>

SELECT ?water ?wWKT

WHERE { ?water rdf: type -WaterBody .
?water -exactGeometry ?wGeo .
?wGeo ogc:asWKT PWWKT .
Route 3 -exactGeometry ?r3Geo .
-r3Geo ogc:asWKT ?r3WKT .

FILTER(ogcf:distance(?r3WKT, ?2wWKT,
epsg:-4326, :-km) <= 1000)

OGC ’



Example Queries

Find all land parcels for sale withina constant search polygon

PREFIX : <http://my.com/appSchema#>

PREFIX ogc: <http://www.opengis.net/rdf#>

PREFIX ogcf: <http://www.opengis.net/rdf/functions#>
PREFIX epsg: <http://www.opengis.net/def/crs/EPSG/0/>

SELECT ?parcel

WHERE { 7?parcel rdf:type :Residential
?parcel :for_sale “true””™xsd:boolean .
?parcel :-exactGeometry ?pGeo .
?pGeo ogc:-asWKT PPWKT

FILTER(ogcf:relate(?pWKT,
“<http://.../EPSG/4326>
Polygon((..))”™ogc:WKTLiteral,
ogc:within, epsg:4326)) }

OGC .



Example Queries

()

" Findall land parcels that are within the intersection of :City1 and

:Districtl

PREFIX : <http://my.com/appSchema#>

PREFIX ogc: <http://www.opengis.net/rdf#>

PREFIX ogcf: <http://www.opengis.net/rdf/functions#>
PREFIX epsg: <http://www.opengis.net/def/crs/EPSG/0/>

SELECT ?parcel

WHERE { ?parcel
?parcel
?pGeo
:Districtl
?dGeo
Cityl
?cGeo

rdf:type -Residential
-exactGeometry ?pGeo .
ogc:asWKT PPWKT .
-exactGeometry 7?dGeo .
ogc:asWKT 2dWKT .
zextent ?cGeo .
ogc:asWKT ?CcWKT .

FILTER(ogcf:relate(?pWKT,

OGC

ogc:intersection(?dWKT,?cWKT),
ogc:within, epsg:4326))}

20



GeoSPARQL Query Rewrite Rules

OGC



Reminder: Motivation for Query Rewrite Rules

O
18

Find all water bodies within New Hampshire

SELECT ?water

WHERE { ?water rdf:type
?water ogc:within

SELECT ?water

WHERE { ?water
?water
?wGeo
“NH
?nGeo

FILTER(ogcfT:

OGC

Same Query Specification

Quantitative

rdf:type

-WaterBody .

NH }

Qualitative

R RCC8 Backward

-WaterBody .

ogc :defaultGeometry

ogc -asWKT

ogc :defaultGeometry

ogc -asWKT

ogc:within,

relate(?wWKT, ?nWKT,

-wgs84) }

22

wGeo .
PWWKT .
?nGeo .
?NWKT .

| Chaining

Query
Rewrite

Specified with

aRIF rule



Query Rewrite Rules

e Used to compute Feature-Feature spatial relations based
on default geometries

» Specified as a collection of RIF rules
 Example: ogc:equals

(Forall ?f1 ?f2 7?91 7?92 ?glSerial ?g2Serial ?gSRID
(flJogc:equals—>?712] :-
And

(?TlJogc:defaultGeometry->?g1lj
?T2Jogc:defaultGeometry->?9g2]j
?gl1Jogc:-asWKT->?glSeriall]
?92[ogc:-asWKT->?g2Seri1al]]
?91Jogc:srid->?gSRID]
External (ogcf:equals(?glSerial ,?g2Serial,?gSRID)))

)

)
OGC



Conclusions & Future Work

8¢
e GeoSPARQL summary
— Based heavily on Simple Features
— Small RDF/OWL vocabulary
— Datatypes for geometry literals

— Set of FILTER functions
— Set of query transformation rules

e Future work beyond GeoSPARQL spec
— Define new conformance classes based on serializations
 KML, GeoJSON

— Define OWL axioms for qualitative spatial reasoning
 ogc:within rdf:type owl:TransitiveProperty

— Define standard methodology for (virtually) converting legacy feature
data represented using the general feature model to RDF

OGC



Current Working Group Status

e
e Currently putting the final touches on the documents and
conformance classes

« The GeoSPARQL SWG plans to release a candidate
standard for public comment mid 2011 (May or June)

Questions?

OGC
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What is NEXTGEN?

U.S. AIRFORCE

'l--\.p- g ﬁﬂ- -\.Ei i ot
. [T R T i

Transforms the US National Aviation System to
ensure the 2025 system meets national safety,
security, mobility, efficiency, and capacity needs

Takes advantage of new technology for
Communication, Navigation and Positioning

Allows for negotiated flightpaths/trajectories, dynamic
re-planning, incorporation of weather and other
considerations in flight planning and execution, and

flexible ground operations

" Makes information available to public and private
sector stakeholders for improved air domain
awareness and enhanced decision-making for
homeland security and commercial application.
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\.;./ NEXTGEN Mandates

U.S. AIRFORCE

NEXTGEN enjoys Congressional, White House and Interagency
commitment and support

* VISION 100 — Century of Aviation Reauthorization Act” (P.L. 108-176) (2003)
- Chartered JPDO, JPDO Board, Senior Policy Committee

o 28 Dec 07 DEPSECDEF Memo
- Designated AF as Lead Service for NEXTGEN

 June 08 Interagency MOU - align plans/programs

* July 08 Senior Policy Committee
- SECAF pledged Net Centric Support-NCO Division

» 18 Nov 08 Exec Order: Transformation of National Air Transportation System
- SECDEF shall assist SECTRANS so that NEXTGEN meets defense needs

Integrity - Service - Excellence

W
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U.S. AIRFORCE

NextGen Transforms...

From...

Ground-based Navigation and
Surveillance

Voice Radio Control
Disconnected Information Systems

Human-centric Air Traffic Control

Fragmented Weather Forecasting
Visibility Limited Airfield Operations
Forensic Safety System

Inefficient Security Screening

Current Aircraft Environmental Footprint

—

To..

Aircraft Centric and Performance Based
Navigation and Surveillance

Digital Data Exchange
Net Centric Information Access

Automation Assisted Air Traffic
Management

Probabilistic Weather Decision Tools
Equivalent Visual Operations
Prognostic Safety System

Integrated Security Risk Management

Reduced Aircraft Environmental Footprint

Integrity - Service - Excellence



NextGen Architecture

: | Positioning,
TBO & I Navigation,
Performance- E,_ "} &Timing
T
Based Ops e~

. Net-Centric  §Y Environmental
AirportOps (&2 . Infrastructure = (. ] Management

Layered
Weather édapt!ve
Info Sys ecurity

Safety
Management

Integrity - Service - Excellence



A .
\.;./ NCO Division Mission

U.S. AIRFORCE

Facilitate the implementation of net-centric capabilities for NextGen
among the partner agencies and serving the community at large.

Implementation

We do this by coordinating investment and development in network-enabled technologies,
supporting proofs-of-concept, establishing a collaborative environment for test and
experimentation, promoting the use of net-centric principles, coordinating the
establishment of policy and standards, and assisting in transition of developmental efforts
to operational capabilities.

Information Exchange Network Demonstration Experimentation
Architecture, Process, Infrastructure Capability and Measurement
Ontology
Outreach

Integrity - Service - Excellence



s Solving Shared Challenges

U.S. AIRFORCE

m Cross-domain info sharing

m Security Domains and Community Domains (Intel, Law Enforcement, DOD,
Privacy)

m Dynamic roles/authorities
m Sensor fusion/intel sharing/integrated C2
m Interagency ID management/trust model/C&A management

m SOA Maturity
m Federated Registry—for data and services
m Management and sustainment of COls
m Configuration Mgmt
m Acquisition changes

m Collaborative workspace usage for research and development
m Social Networking tools for operational use
m Taking advantage of industry R&D, shared vetting of vendor solutions

m Aerial Networking and other communications issues

Integrity - Service - Excellence



\ /
\../ On the National Agenda

U.S. AIR FORCE Challenges solved here will benefit sectors across the nation
*Technologytransfer _ _ _
sCoordinatedinvestments across agencies *Information sharing policy

*Shared technical issues
*Shared investment
*Shared mission

*Open Government Policy

«Governance while protecting data

*Multi-agency requirements
*New business models

sInvestmenttradeoffs
eAcquisitionreform
*Open Government

NEXTGEN:
Tackling universal
issues

*Maintaining global stature
*Retaining the “edge”
*Providing leadership
eSupportingthe whole economy

*Reducing impact
*Fostering research
«Setting globalexample

Integrity - Service - Excellence 8



Vizenor, Lowell
UCore-SL: An Overview and Some Suggested Improvements

The Universal Core (UCore) isacentral element of the National Information Sharing Strategy
that is supported by multiple U.S. Federa Government Departments, by the intelligence
community, and by a number of other national and international institutions. The goa of the
UCore initiative isto foster information sharing by means of an XML schema providing
consensus representations for four groups of universally understood terms under the headings
who, what, when, and where. UCore Semantic Layer (UCore SL) is aproject to create an

ontol ogy-based supporting layer for UCore, entitled ‘ Universal Core Semantic Layer’ (UCore
SL), and describe how UCore SL can be applied to further UCore' s information sharing goals.
This presentation will provide an overview of UCore SL and recommend a number of structural
improvementsto UCore SL.



Universal Core Semantic Layer:
An Overview and Suggested

Improvements

Lowell Vizenor, PhD
Ontology and Semantic Technology Practice Lead

Alion Science and Technology

ODISSEE 201 | | Washington, DC | April 13,201 |




UCore 2.0

Overview of UCore 2.0 Taxonomy
Overview of UCore SL

UCore SL |.1

SLIDE 2
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niversal

What is the Universal Core (UCore)? e r e

An information exchange specification and

Implementation profile UCore V2.0 Conceptual Data Model
— Vocabulary
« Of most commonly exchanged concepts: - — . == i
Who, What, When, Where — T Pl BN
ST ] ——
. Y e e |
— XML representation of the concepts _ [ ) . —o—
| e I_m;w_..;.n..u.‘ ——
— Guidance for extension to permit tailoring to — — g ey e —
specific mission areas ™ S, i T
— Security markings to permit controlled access ™ .| — —— e
electronic tear lines iy ' [ —-——_. [ s
— Messaging framework to package and _m
unpackage the content consistently ==

] g e

UCore is Common Point of Departure




@ SLIDE4

* UCore enables information sharing by defining an
implementable specification (XML Schema) containing agreed
upon representations for the most commonly shared and
universally understood concepts of who, what, when, and
where

e UCore artifacts will transition to the Defense Information

Systems Agency's (DISA) Software.Forge.mil website on |5
March 201 |. (Common Access Card (CAC) will be required.)



UCore 2.0 Taxonomy

=@ ucEntity
""" . uc:Cargo
""" ® uc:CollectionOfThings
""" @ uc:CyberAgent
""" . uc:Document
""" . uc:Environment
""" . uc:Equipment
----- ® uc:Fadiity
""" . uc:Financiallnstrument
""" @ uc:GeographicFeature
""" . uc:GroupCfOrganizations
""" . ucGroupCfPersons
""" . uc:InformationSource
""" ® ucInfrastructure
I:—;I. uc;LivingThing
E. uc:Animal
. uc:Person
. uc:MicroQrganism
) uc:Plant
""" . uc:Organization
""" @ ucFoliticalEntity
""" ® ucisensor
=@ uc:Vehice
- uc:Aircraft
. uc:Groundvehide
. uciSpacecraft
@) ucWatercraft

E. uc:Event

""" ® ucidlertEvent

""" - uc:CommunicationEvent
""" © uciCriminalEvent

""" @ uc:CyberSpaceEvent
""" . uc:DisasterEvent

""" . uc:EcaonomicEvent

""" . uc:EmergencyEvent
""" @ uciEnvironmentalEvent
""" ® uc:EvacuationEvent
""" - uc:ExerciseEvent

---- ® ucFinancialEvent

""" @ uciHazardousEvent

""" ® ucInfrastructureEvent
""" . uc:LawEnforcementEvent
""" . uc:MigrationEvent

""" @ ucmiitaryEvent

""" ® ucNaturalEvent

""" ) uciObservationEvent
""" @ uciPlannedEvent

""" ® ucFoliticalEvent

""" @ uc:PublicHealthEvent
""" - uc:SecurityEvent

""" ® ucisodaEvent

""" . uc:TerroristEvent

""" . uc:TranspaortationEvent
""" ® uciweatherEvent

---- . uc:HumanitarianAssistanceEvent
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UCore 2.0 Taxonomy

Definition derived from

the Oxford English
Dictionary

Specifies wherethe
term fits into the
taxonomy

OWL Class Form

A human being regarded as an individual.
[Verbatim from Concdse Qxford English Dictionary,
11th Edition, 2008]

=

rdf:type ~

® owl:Class

| s

NOTE: No label provided.

http://ucore. gov/ucorel/ 2. 0/ codespace#Per son

rdfs:subClass0f ~

i uc:Animal

owkequivalentClass ~

Other Properties owkdisjointWith —

* No relations

* No OWL restrictions
* No disjointness axioms
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* An incremental strategy for achieving semantic
interoperability

* Leaves UCore 2.0 as is, but provides a logical

definition for each term in UCore 2.0 taxonomy and
for each UCore 2.0 relation

* UCore SL is desighed to work behind the scenes in
UCore 2.0 application environments as a logical
supplement to the UCore messaging standard
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* Taxonomy Tiger Team prior to release of UCore 2.0

* US. Army Net-Centric Data Strategy Center of
Excellence / Army ClIO/G-6 (Lead and sponsor)

* National Center for Ontological Research (NCOR)
(Developer)
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UCore SL

= v i, o ] e 155 Classes Class Axioms
- - |6 Relations Equivalence
Logical Definitions Restrictions
Disjointness

E. sl:InformationContentEntity
=00 sl:PhysicalEntity

ID‘ sl:Agent

-0 sl:Artifact

E sliEnvironment

.' sl:GeographicFeature
# L sl:GeospatialBoundary
E s sl:GenspatialRegion

E s sl:Group

E.‘ sl:InformationBearingEntity
----- shiInfrastructure

- sh:Materiel

[E35 sl:Organization

-0 sl:PhysicalObject

E : sliLivingThing

Hybrid between an upper level ontology and a

universal core vocabulary

sl:Animal
‘ sl:Person DWI_ CIEISS F'l]'l'm Iﬁ g =
'. sl: InfectiousOrganism
sl:MicroQrganism MName: |5]:Eﬂtit!r' | Ok

sl:Plant

""" @ sl:SpaceRegion

w00 sl:Property rdfs:comment ~ rdfs:subClassDf ~
g ESI.E‘::; ‘Wl Definition: A Thing [owl:Thing] that exists in fullat | = =* jowl:Thing | =
B shActofCommunication any tIITIl.E n Whld"l.lt. EM.StS. 5t al.lf persists through = |slr:part_oFunIv sl:Entity | =
B d-AleriEvent time while maintaining its identity and has no
sl: ActOfHumanitarianAssistance tEI'I'IDCIFE| parts. Whﬂq“ﬁﬂhﬂﬂ:lﬂﬁ =
sl: ActOfObservation c“|E|:1ui':.fal».=_-r1t: bfo:Continuant |= ‘a.|uc:Enﬁt5,. | -
sl:Criminalact

.' sl:ImmigrationEvent cﬂ|Equi‘uaIent: UC:Eﬂﬁt!f' |1Gr

owkdisjointWith —

2 fl:Event =
rdf:type ~

W owl:Class | =

Furm] Diagram | Graph | Form Layout | Source Code |




......

UCore SL Taxonomy (Blue)
overlaid with UCore 2.0
Taxonomy (Red)
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sl:Government: An Organization with political

responsibility for governing in a specified
GeospatialRegion

uc:PoliticalEntity: An organized governing

body with political responsibility in a given
geographic region. [Derived from Concise

Oxford English Dictionary, 11th Edition, 2008]

Logical

Definition

SLIDE Il

Dictionary

Definition

sl:Organization

uc:Organization

-
Ti1Ls i

sl:Government

—- uc:Political Entity




sl:Group

sl:0rganization

SLIDE 12

sl: ArtificialAgent

gl:Person

Person

Organization

empty
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Using UCore SL as a
supporting layer makes it
possible to identify that
something cannot be both a
Person and an Organization

| sliPerson |

I

sl:Organization

@ CharleeTaylor LLC

| @ CharlesTaylor |

Logically speaking, UCore 2.0 is too
weak to detect simple inconsistencies.

SLIDE I3

- {5 Basket | | Inference Explanations &3 =m

Explanation for the inconsistent ontology:
Explanation:

Individual CharlesTaylor is forced to belong to class
sl Organization and its complement

Axioms:

(sl:Person cwl disjoint'WWith sI:Organization)

(sl-Person pwl equivalentClass uc-Person)

(sl:0rganization owl:equivalentClass
uc:Organization)

(CharlesTaylor LLC owl sameAs CharlesTaylor)

(CharlesTaylor rdf type uc-Person)

(CharlesTayler LLC rdftype uc:Organization)

Chart by Barry Smith, Director, National Centerfor Ontological
Research, phismith@buffalo.edu.
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UCore SL Relations

[l slr:affiiated_with

[l slr:icause_of * |6 Relations
- slr:controls :
B e b * Derived from UCore XML
e sir.empioye ¥
. schema
[ glrihas_destination_of
[l slr:has_familial_relation_to o Ix agent_in 7)’ => X
[ slr:has_origin_of involved_in %y
[ slriinheres_in
[ slrilocated_at
! i i
[l slrioccurs_at Object Property Form e
P ] slr'part of Mame: [slr:involved_in | ok
= sir:participates._in Amnotations ____________________[JPropertyAkioms |
: : . . rdfs:comment ~ rdfs:domain —

E[- EIF.II'I'I.I'I]I'I.I'EL'.'_II'I 18] Definition: An instance-evel relation between an = sl:Agent | =

I ' i Agent and an Event that obtains whenever the
L E|F.EQEI'I1Z_II'I Agent experiences or participates in the Event, rdfs:range =
[ slrisubordinate_to rdfslabel = sliEvent =
- slr:works_at finvolved in | = vdissubProperty0f =~
| M partdates A
owkeguivalentProperty —
rdf:type —
“|Du~.'l:0bjecthpert§.r |v rﬁ|w:|::urne.I|'|'».-'c:nl'»‘neu:.|1n |v

owkinverse0f —



UCore SL Relations

<!——:::RELATICNSHIP ELEMENTS-—-3

<xs:ielement name="AffiliatedWith"™ type="ucore:ThingThingRelationshipType" substitutionGroup="ucore:Relationshipibstract">
<HS:annotation>

<xs:documentation>0xford (defrwad): attached or connected with. closely asscociated with.</xs:documentation>

</x=s:annotation>

</®s:element>

<¥3:element name="CauseQf" wpeslycore:CauseCfRelationshipType™ ST
<xs:annotation>

itutionGroup="ucore:Rel

STTavies MostUCore SL Relations derived
from the UCore XML Schema

<xz:idocumentation>Cxford: ke the cause of; make happen.</xs:doc
</®=:annotation>
<fx=:element>
<xg:element name="Controls" t© ="Gcore:higentEntityRelationshipType Substl
<X3:!annotation>

<x3:!documentation>Oxford: have control o ormand of.</geardocumen

</®=:annotation>
</R=:element>

<xs:ielement name="DistinctFrom" type="ucore:ThizGlhingRelationsHipType" ubgritutionGroup="ucr

<Xs:annotation>
<x3:documentation»Oxford: grognizably differenpgOr indeFidwtl.
</x=s:annotation>
</x=:element>
<xg:element name="EmplovedBy" type="ucore:PepzfnicgentRefatigehipZvpe" substitutionGroup="uc

Yx=s:documentation>

<xs:annotation>
<xs:documentation>0Oxford: give-Wwork to (segheoney and fay them for it.</xs:documentat
"
</®xs:annotation> Th H l t G t | Etf
it e helation Untoio
<®X3:element name="HasDestinationOf" typezyfucore ZntityvlAcationRelationshipType” substitutior

OBO Relation Ontology

<xs!documentation>Cxford (gefrived) i /the loghtion to which an entity is going or beir

</x=s:annotation>
<fx=:element>
<X3:element name="HasFamilialRelatigATo" typgS"ucore:PersonPersonRelationshipType" substitutic
<X3:!annotation>
<xz:documentation>Cxfoxd (deriveg/: a person who is related to another by birth or by marriage.</xs:documentation>
</®=:annotation>
</x=:element>
<xs:element name="HasOriginOf" typgs"ucore:EntityLocationRelationshipTvpe" substitutionGroup="ucore:Relationshipibstract">
<XS:annotation>
<®z:documentation>0ufo8d (deriwved): the location where an entity begins or arises.</xs:documentation>
</x=s:annotation>
</R=:element>
<xs:ielement name="InvolvedIn" type="ucore:hgentEventRelationshipType" substictutionGroup="ucore:Relationshipibstract">
<Xs:annotation>
<xs:documentation>0Oxford (deriwved): to experience or participate in an activity or situation.</xs:documentation>
</x=s:annotation>
</x=z:element>
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UCore SL Relations

// rdf s: range
/ \
I

I

|

|

\

1 N -

1 _\S 4’—__

\

<xs:element nameﬂ:le=nuccure elationshipTﬂle" substitutionGroup="ucore:Relationshiphbstract™>

<xs:annotation>
<xs:documentation»COxford (deriwved): to experience or participate in an activity or situation.</xs:documentation>»
</Xs:annotation>
</xs:element
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Note on Reasoning with Domain and Ranges

| slr:involved_in |

| sl Agent | | sliEvent

A a

X

| * SnowlceStorm_1 ; ; * EconomicEvent_1
I nvol ved i n




Roles

shiEntity
EI sl:InformationContentEntity
----- gl Analysiz
----- sl:Dbjective
----- sl:DbjectivesSpecification

. hol ds_over
..... sl:Opinion @ i nheres_in m > @
----- sl:Plan h

----- sl Taskspecification

Equipment CargoRole

rdf:type rdf:type

#-" ' sliPhysicalEntity
H =
=% sl:Property OWL Class Form P g
o sl:Capability ame: [sl:Role e
B0 sl:PhysicalProperty Annotations
E : 5|:F‘.D|E rdfs:comment — rdfs:subClassDf ~
[+ sl: AffiliationRale ‘Wl Definition: A Property (of type bfo:RealizableEntity) - @ el:Property | =
_____ I AgentRol the manifestation of which brings about some result or .
sAgENTh.OIE end that is not essential to an Entity in virtue of the owkequivalentClass =~
..... 2:Cargofole kind of thing that it is but that can be served or o
S participated in by that kind of Entity in some kinds of owkdisjointWith ~
""" sl:ControlFeatureRole natural, social or institutional contexte, % |<l: Capability |=
----- sl:ControlledSubstanceRole | 'l Equivalent: bfo:Role | = % [dl:PhysicalProperty | =
----- snformatonSaurceRcle
----- sl:MaterielRole rdftype <
----- sl:WaypointRole W owl:Class |=
Form] Diagram | Graph | Form Layout | Source Code |




@ SLIDE 19

Properties (or attributes)

= sl:Entity
= sl:InformationContentEntity . .
oAy Sex, Age, Height, Weight, etc.
sl:Objective . . .
s\ObjectiveSpedficaton Diseases and Symptoms (biosurveillance)
gl: Qpinion
sl:Plan
sl: TaskSpecification OWL Class Form o |§|: =
sl:PhysicalEntity : =
Mame: |sl:Property
=-&¥ sl:Property
sl: Capability
sl:PhysicalProperty rdfs:comment rdfs:subClass0f ~—
=] <|:Raole ‘Ml Comment: Property is a direct subdass of uc:Thing = % [sl:Entity =
: - ‘Wl Definition: A characteristic or attribute of some Entity, | = -
: owkequivalentClass —
. shiAffliationRole t“Eu:mi\f'.fnhem: bfo:SpedficallyDependentContinuant = £ slrtinh : :PhvsicalEntit =
sl:AgentRole slr:inheres_in some sl:PhysicalEntity
z:CargoFole owkdisjointWith ~
=l ControlFeatureRole rdf:type — % |sl:InformationContentEntity =
“ ovl:Class - W sl:PhysicalEntity =

sl ControlledsubstanceRole
sl InformationSourceRole
sl MaterielRole

sl WaypointRole

Form | Diagram | Graph | Form Layout | Source Code



Information Content Entity

El : sl:Entity
=7 sl:InformationContentEntity
----- Sl Analyss Classify ldentifiers, Codes,
----- sl COhjective
----- gl ObjectiveSpecification Names’ etc.
----- sl:Cipinion . .
_____ , Classify Information
=l:Plan
----- gl TaskSpecification
-7 sliPhysicalEntity
: OWL Class Form i
EI[D’ sliProperty _ _ o E
_____ sl:Capability Mame: |sl:InformationContentEntity | ok
® O sPhysicaProperty
= : sl:Role rdfs:comment — rdfs:subClassOf —
-0 sl:AffiliationRaole ' Comment: ‘information’ comprises correct descriptions | = 5% [gl:Entity |=
_____ sl: AgentRole of existing things, but also fiction and falsehood. -
..... <l CargoRole “ Comment: InformationContentEntity is a direct = owtequivalentClass ~
sarg subclass of uc:Thing owlkdisjointWith
""" sl:ControlFeatureRole ‘Wl Definition: An Entity which consists of information and | = @ oo -
..... sl ControlledsubstanceRole which inheres_in some InformationBearingEntity, |sI.Physu:aIEnt|tg.r |v
' % lel:Property | =
""" sl:InformationSourceRole
----- sl:MaterielRole rdfitype —
----- sl:WaypointRole W owl:Class | =
Furm] Diagram | Graph | Form Layout | Source Code




UCore SL I.1



@D
UCore SL 1.0

UCore SL Imports

UCore SL namespaces

* http://UCore-SL-Taxonomy-
OWL-DL#

Typographical errors

Change sl:Property to
sl:Attribute

Explicit mappings
UCore SL Import Structure

* Dependent on UCore Taxonomy



http://UCore-SL-Taxonomy-OWL-DL�
http://UCore-SL-Taxonomy-OWL-DL�
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* Entity
* InformationContentEntity
* PhysicalEntity
* Attribute

* Event
e Act
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UCore SL I.1.

R i e e e e e e e e e e e e Tl R e .
- ~
-

/UCoreSL 1.1

_——————
=<

UCore Taxonomy UCore Mappings |
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* UCore SL Users Group

* https://www.kc.army.mil/book/groups/ucore-sl-user-group

* Looking to move UCore SL User Group to the NextGen
Ontology Portal

* Barry Smith, Lowell Vizenor and James Schoening. Universal Core

Semantic Layer. Proceedings of Ontology for the Intelligence
Community 2009, CEUR Workshop Proceedings, vol. 555.



Guiton, Mark

Large-scale dataanalysis—‘The Missing Gap’: The exponential growth of large-scale data sets
and the proliferation of datasilosis presenting a growing data analysis challenge to organizations
around the world. Recently, semantic technol ogies have made significant strides toward making
large-scale data integration, integrated query solutions and other complex data anal ytics more
tractable. However, this new capability is pushing the limits of current hardware technology to
such an extent that many anal ytics problems cannot perform on today’ s architectures at scale.
For many large-scale semantic knowledgebase applications, particularly ones that involve
complex queries and/or complex inferencing, the lack of performance becomes acritical issue.
This presentation will describe an aternative hardware architecture designed for these classes of
problems —the Cray XMT. The Cray XMT isahighly scalable large shared memory system
with characteristics that also include: massive multithreading, fine grained word level
synchronization and memory latency hiding mechanisms.



arge-Scale Data Analysis —
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Mark Guiton ::AY

Director, Government Programs THE SUPERCOMPUTER COMPANY
mguiton@cray.com
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Current Missing Data Analytics Gap T

B _—

Map Reduce
Hadoop

Complex Data
Data Analytics on Very
Warehouses Large Datasets
has no
Comprehensive
Solution Today

Very Large

Data Sizes

Relational Relational
Databases Databases
Semantic S I
Knowledgebases

Knowledgebases

Complex

Analytics




Enabllng Next Generatlon Data Analytlcs THE SUPERCOMPUTER COMBANY

Current Challenges

» Average Fortune 100 company has thousands of databases (silos)
» ~20% have data stores in the 1-10 Terabyte range

» Data stores are growing 2x every 12-18 months

0 Data Integration/Access Challenge

v' How can | get access to all the data that | really need?

0 Knowledge Discovery/Data Analytics Challenge

v' How can | get better insight from information?

0 Ease of Use/Cost Challenge

v' How can | get better access and analytics that | really need?
e Faster
e Cheaper
e Easier
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Enabllng Next Generatlon Data Analytlcs THE SURERCOMFUTER COMPANY

Example Query (HIGHFLEET)

» "Arethere any Iranian Bahai doing business in opium sometime in
February 2003 with other Iranians (their names) whose relatives have

spent time in Afghanistan and those relatives are supporters of the
Taliban?"

® This query does a LOT of deductive inference, temporal reasoning,
qgualitative geography, and event reasoning. Allin one query.



Benefits of Semantic Technology

« 1) Data Integration
> Comprehensive (virtual) view of your data
> Easyinteroperability with internaland external data sources
> Standardized technologies
> Meaningand relationships

+ 2) Knowledge Discovery/Data Analytics
> Richer, more intelligentanalysis
> Interactive analytics
» AutomatesReasoning

+ 3) Productivity/Fexibility
> Complementsexisting IT
> Fosterscollaboration
> Highly Adaptableto Change
> Dramatically Faster Time to Solution
> Morerobust, flexible and understandable applications

CRANY

THE SUPERCOMPUTER COMPANY
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Proposed General Purpose Solution

Data Silos

(Structured, semi-structured,
unstructured data)




Proposed General Purpose Solution

Oicle Sybase

— —

L CRANY

= N THE SUPERCOMPUTER COMPARY

RDF Data Stores

(Heterogeneous data con-
verted to standardized RDF)

Data Silos
(Structured, semi-structured,
unstructured data)
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Typical Enterprise

Integrated Enterprise Data

verted to standardized RDF)
(Structured, semi-structured,

(Heterogeneous data con-
unstructured data)

»n

L
=
%)
s

@
QO
L
)
o

Data Silos

Excel

Email

MySQL

©
w
@©
O]
>
)




< =ﬂA“r"

T THE SUPERCOMPUTER COMPARY

Solution Overview

New Software
Technology

@AMBRDGE
SEMANTICS

M
|I§‘g}t‘!‘"§ CLARKEPPARSIA

Data Silos
(Structured, semi-structured, unstructured data)

. .
S— S—

e

- =

Sybase MySQL Email Excel
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THE SUPERCOMPUTER COMPANY

Enabling Next Generation Data Analytics

New Hardware Technoloqgy

s Cray XMT

» Excels at Data Intensive Computing

+¢* Characteristics
» Very large shared memory
J 128TB

» Extreme multithreading

e 128 hardwarethreads per processor
*  Practically unlimited virtual threads

Fine Grained Synchronization

Very low power
* 30 wattprocessors

Ease of use
Superior price/performance

Semantic Database
e  SoftwareProduct Integration Layer
e 10sto 100sof times better average performance on analytics

VVV VYV



Cray XMT ProceSSIng EffICIency TME SUPERCOMPUTER COMPANY

+» Today’s HPC systems support one reference
> Every 3 ticks (L1 cache)
> Every 30 ticks (L2 cache)
> Every 150 ticks (local memory)
> Every few thousand ticks (non-local memory, solid state storage)
> Every few million ticks (Disk)

<« Cray XMT

> 1tick to every remote memory reference with enough thread parallelism



CRANY

THE SUPERCOMPUTER COMPANY

Enabling Next Generation Data Analytics

New Hardware Technoloqgy

s Cray XMT

» Excels at Data Intensive Computing

+¢* Characteristics
» Very large shared memory
J 128TB

» Extreme multithreading

e 128 hardwarethreads per processor
*  Practically unlimited virtual threads

Fine Grained Synchronization

Very low power
* 30 wattprocessors

Ease of use
Superior price/performance

Semantic Database
e  SoftwareProduct Integration Layer
e 10sto 100sof times better average performance on analytics

VVV VYV
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Service Partition

(J Login PEs
Compute Service & 10 @ 10Server PEs
( Network Server PEs
(J FSMetadata Server PEs
i Database Server PEs

MTK Linux

Compute Partition

9 MTK (BSD)

> Network

" Fiber Channel
................................. & RAID Controllers




Equivalent Capability on Graph Data Structures e
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Cray XMT EXCEIS THE SUPERCOMPUTER COMPANY

+ On applications involving... SRR
> Random or indirect memory accesses ' AN
> Dynamic or unbalanced subcomputations
> Unstructured, dynamic, and/or sparse data structures
> Linked data structures (lists, graphs, trees)

! =
=

NALE T

+ Applications that need to access large amounts of memory (terabytes)

and in an unpredictable manner.
Graph Analysis (intelligence, protein folding, bioinformatics)
Optimization problems (branch-and-bound, linear programming)
Computational geometry (graphics, scene recognition and tracking)
Data mining

Semantic Database/Web

Parallel Discrete Event Simulation
Cyber Security L
Social Network Analysis
Dynamic Network Analysis ok
Video Analytics

Etc.

VVVVVVVVVYVYY




Thank You!

Questions?

EEEEEEEEEEEEEEEEEEEEEEE



Erdos-Renyi Random Graph Algorithm e R

<« Application Significance:
v Sandia National Laboratory case study
v Used to generate random graphs

< XMT vs. IBM BlueGene/L Comparison:

v 4 Billionvertices, 20 Billion Edges

> IBM BlueGene/L 32,000 processors
» Cray XMT 16 processors

« XMT performed 2000 times better than IBM BlueGene/L per
processor

Vs.




Breadth-First Search (BFS) e

« Application Significance:
v animportantgraph algorithm for systematically visitingeach node in a graph
v easilyadaptableto other important graph algorithms, e.g. connected
components, spanning trees, shortest path

< XMT vs. IBM BlueGene/L Comparison:

v 3.2 Billionvertices, 32 Billion Edges

> |IBM BlueGene/L 4.9 seconds on 32,000 processors
» Cray XMT 17.3secondson 128 processors

« XMT performed 882 times better than IBM BlueGene/L per
processor

Vs.




Alameh, Nadine

Update on Semantic Activities within the Open Geospatial
Consortium (OGC)



o0GC

OPrEN GEOSPATIAL CONSORTIUM

o e

Update on Semantic Activities

Within the Open Geospatial Consortium
(OGO)

Nadine Alameh, Ph.D.
OGC, Director of Interoperability Programs

nalameh@opengeospatial.org
(240) 669-8788

Copyright© 2011, Open Geospatial Consortium


mailto:nalameh@opengeospatial.org�

OGC at a Glance (1)

()
e
The Open Geospatial Consortium (OGC) is a non-profit, international
voluntary consensus standards organization that is leading the development,

promotion and harmonization of standards for geospatial and location based
services.

 Foundedin 1994, not for profit, consensus based and voluntary

 Over 416 member organizations (industry, government, academia) (January 2011)
http://www.opengeospatial.org/ogc/members

» 30+ adopted OGC Standards (some are ISO Standards)
http://www.opengeospatial.org/standards

e Several hundred software products, implementing OGC Standards
http://www.opengeospatial.org/resource/products

» Broad user community worldwide, many policy positions for NSDI based on OGC
standards

» Cooperation with other standards organizations and foundations, e.g. ISO, W3C, OMG,
etc http://www.opengeospatial.org/ogc/alliancepartners

®
O G C ©2011 Open Geospatial Consortium, Inc. 2



http://www.opengeospatial.org/ogc/members�
http://www.opengeospatial.org/standards�
http://www.opengeospatial.org/resource/products�
http://www.opengeospatial.org/ogc/alliancepartners�

OGC at a Glance (2)

g
OGC Vision: to achieve the full societal, economic and scientific

benefits of integrating location resources into commercial and
Institutional processes worldwide

322
51
H Europe
B N. America ® Commercial
® Middle East O Academic
Africa HResearch
BS America T Not For Profit

@
- © 2011, 0Open Geospatial Consortium . .
Making Location Count...



OGC Alliance Partners

O A Critical Resource for Advancing Useful Standards
W3C —
Environmental

EMSS IIA__o_.tzlleIIi._ng & Software

World Met ical Organization

Working together in we ate and water

OpenGridForum

CFEN FORUM | OPEN STANDARDS @ OBJECT MAHA-GEM;NT L'-&RDIJP
® (._\
@ IEEE 21 05Geo

isprs @) mmesds

e An Authoritative Source of Innovitive Solutions for the Built Enviranment
OASIS q ornatin o oy

buildingSMART

» /? ] International Alliance for Imeroperabilityﬂ
OMO ey ()
Opan Mebile RAlliancs : ’: ": OSCRE and OtherS

www.opengeospatial.org/ogc/alliancepartners

- @
©2011,0pen Geospatial Consortium . .
Making Location Count...
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OGC Semantics Work

S
 The OGC has not generally focused on geosemantics and interoperability
other than a few targeted projects

— Geosemantics Interoperability Experiment
— Geosemantics Domain Working Group

Welcome to the Geosemantics Domain Working
Group web

This is a collaboration space for initiatives and activities of the Geosemantics Domain Working Group. The
charter of this group is located here. The scope of the Geosemantics DWG is any aspect of conceptual
modeling and formal representation of geospatial knowledge which advances the geospatial interopearability
mission of OGC. A particular focus will be the adoption or development of tools and methods in support of
these activities. The mission of the Geosemantics DWG to establish an interoperable and actionable semantic

framework for both representing the geospatial knowledge domains of information communities and mediating
between them.

Initiatives

Semantic Annotations
Geospatial Ontologies in OWL
Geospatial SPARQL

Spatial Ontology Management

LI B B

( Links to other work and resources

= https://portal.opengeospatial.org/twiki’bin/view/G5SWieMWebHome




Aviation iIn OGC Web Services Testbed 6

X

» Testing SOA Architecture
o AIXM over WEFS
» 4D trajectory filtering
» Event Architecture
» Digital NOTAMs

e Qutcomes
e Aviation Clients
 Event Service

« Change Requests to
AIXM and Web
Services

®
O G C http://www.opengeospatial.org/pub/www/ows6/index.html



Aviation in OGC Web Services Testbed 7
o

* Enhancingthe architecture
o AIXM 5.1 over WFS
« Modeling & validation tools
* Portrayal
 Weatherand WXXM

e Qutcomes

e Standards-compliant
Commercial Off-The-Shelf
products (COTS)

» Open source validator
* Portrayal

 More Change Requests

®
O G C http://www.opengeospatial.org/pub/www/ows7/index.html



Global Participation by Industry and Academia

O
106

« Participants from Europe, USA, Australia and Canada

b il == JEPPESEN. £ carmenta

geospatial innovations

Applied Informatics /

1 #1/ Cooperative Systems | |
IJ AICOS Jq:g]géu DEI_SISTEMI ‘ LUCIAD Ec vn’dor::.cs
G LISAsort high performance visuslization A—”

inking IT

e ATMOSPHERE=E
¢ LATROBE CJ galdos cdmsorr
Atos vl ,f”f; \‘ ifgi
O rlgl 0 The Carb@u.r.l Project i‘lﬁ_gi_iEEii E ié IGSI
Z:ENVITIA 2
der Bundeswehr
Universitdt j“i} Miinchen ConceptSoluﬂons

s Intelligent

: ®
OG C Copyright© 2011, Open Geospatial Consortium Making Location Count...



Aviationin OGC Web Services Testbhed 8

Aviation / Weather

O
106

Aviation: Architecture

« OGC Web Services Phase 8 Testbed (OWS-8) ADOM 5.1: Metadata. GML Profile.

Performance

— Focusing on information management and automation Aviation: Portrayal
« Advancement of AIXM including metadata FPS, SLD: li?f;ﬁr;r’;;:ihmrius for
» Validation of Digital NOTAM Event Specification S

Aviation: Events

Digital NOTAM: Events spec, AIXM

B Supportlng end-users event schema, validation
» Access, filtering & notification of information
 Styling using ICAO symbology Aviation: Security

Authoritative AIXM Services:
Authentication [}’l}l’i.

» Supporting current developments undertaken by the EAD Authorization (PIP),
(implementation of the Digital NOTAM) and the Gatekeeper (PEP)
implementation of the ADQ Regulation (AIXM).

Aviation: Weather

WXXM 1.1: WCS conversion,
probabilistic TAF, distributed UoM

OGC Helping the World to Communicate
i ; G hicall
. ©2011 Open Geospatial Consortium eograpnically



Aeronautical Information Management (AIM)

ENSURING THE RIGHT DATA AT THE RIGHT TIME AT THE RIGHT PLACE...

e

Aeronautical Common Service _
il

Authoritative

Configuration,
Managed

Transformable

Commeonly
Represented

Working with Other FAA
Information Domains...

...to Provide a COMMON
OPERATIONAL PICTURE OF THE
NATIONAL AIRSPACE SYSTEM




Example: Fused data for an Airport

Authoritative
Sources

/\
N

Airport _

Survey \.\
v
T A
v

‘ Single Message

II Describing the
} Airportfora specific

Time Period

\

AIM OWS-8 Kickoff ¥ Federal Aviation

March 2011 z, 1 .} Administration



Relevant Activities

* Interestin exploring how semantic mediation between the concepts
and vocabularies from different communities/domains/information
sources can be performed to enable successful discovery, exploitation
and integration of geodata resources

o Activity 1: Global Earth Observing System of Systems (GEOSYS)

— Architecture Implementation Pilot (AIP-3)

— Firstexploratory use of semantics within GEOSS focusing on the use of semantic
repositories for linking concepts from different scientific domains and the value of a
brokering approach to mediate multidisciplinary resources

o Activity 2: OGC Web Services Testbed 8 (OWS-8)

— Cross-Community Interoperability (CCI) thread

— Investigate, evaluate and demonstrate the benefits of semantic mediation
approaches (e.g. ontologies, mappings, SPARQL) to query and use data, based on
different data models, available via OGC Web Feature Services (WFS)



GROUP ON
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GEOSS AIP and Semantic Activity
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INTEGRATED

Architecture Implementation Pilot (AIP) Phase 3
- Aimed at developing process and infrastructure components for the
GEOSS Common Infrastructure (GCI) and the broader GEOSS architecture

as a means of coordinating cross-disciplinary interoperability deployment of
earth observation resources.



VATIONS

GEOSS Architecture Implementation Pilot Phase 3

https://sites.google.com/a/aip3.ogcnetwork.net/home/home/semantics

Scenario Areas Functional Areas
Water Quality & Drought End2Engineering
Disaster Management Semantics
Air Quality & Health Data Harmonization
Energy Data Sharing
Biodiversity & Climate Change Engineering Use Cases



https://sites.google.com/a/aip3.ogcnetwork.net/home/home/semantics�

GEOSS AIP-3 Semantics Activity

 Problem

— GEOSS as a multi-national endeavor including members with

hundreds of different languages, geographic place names in
multiple languages for the same place

— GEOSS as a global system involving scientific variables
collected from multiple disciplines

— How do you automate the process of finding the exact
iInformation that the user is looking for?

e Approach

— Semantic enrichment of a Discovery Augmentation Component
of the EuroGEOSS discovery broker



EuroGEOSS

Operating Capacity: three Interoperability
phases
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EUROPEAN COMMISSION Evvirorment and

Sustainability

11-12 March 2010 — GEOSS AIP-3 kickoff meeting

DpanRDF

|..

| mlu-! {‘ht_lp:ﬂlnspire-reglstry.)rc.
Deploy

thesauri

- Annotate

= data sets

and services

a resources 3 :
End . Resource
User Provider

+Organizingthe vocabulary for spatial dataannotation and retrieval

The mission:

+ Creation of thesauri for thematic areas by domain experts
+ Linkingindividual thesaurito each other and to general purpose ones

~ Publishingthesauriin a standard-compliant, easily accessible way



- JRC Ontology and Taxonomy Development

Institute for

EUROPEAN COMMISSION Environment ond

11-12 March 2010 — GEOSS AIP-3 kickoff meeting

Thesauricreation:
» Based on SKOS, the Semantic Web standard for developingtaxonomies

~ Leveragingwiki tools to ease thesauri creation by domain experts

~ Exported as RDF for usage by other applications

Fage

Main Page
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Fresh Surface Waler Quality [eait]
= Access e vocabulary for the Fresh Surface Water Qualkty Sematic plob
Coastal Water / Adr Cuality [edit]

- =7 =& propits = Access bve vocabulany for the Coestal Watar / Sar Duality Bsamabic pikot.
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Linking SKOS vocabularies

11-12 March 2010 — GEOSS AIP-3 kickoff meeting

Institute for
Environment and
Sustainability

|*GEMET Thesaurus" M
LABEL:
co-ordinate systen (en)
BROADER:

v

v

i

en: "parameter”

NARROWER:
en: "latitude”
en: "longitude”

DEFINITION:

en; Areference syster used to measure horizontal and
vertical distances on a planimetric map. A coordinate system
is usually defined by a map projection, a spheroid of
reference, a datum, one or more standard parallels, a central
reridian, and possible shifts in the % and y-directions to
locate x, v positions of point, line, and area features. A
cormmon coordinate system is used to spatially register
geographic data forthe same area. (Source: ESRI)

DESCRIPTION;

TYPE:

hitp: e w3 org/2004/0 2/skosicore$Concept

IN SCHEME:

r

'kage of thesauri:

native relations:

custom relations

Create new relation Vocabularies

Relation:
I related 'l
Deseription:

The term co-ordinate system
from the GEMET thesaurus and
the term Coordinate system are
related, because ... |

Submit |

"INSPIRE Glossan/ j
LABEL:
Coordinate system (en)
BROADER:
NARROWER:
DEFINITION:

en: A coordinate systemn specifies how coordinates are to be
assigned to points by means of mathematical rules (from: ISO
19111:2007).

DESCRIPTION:

TYPE:

hitp:ffingpire-reqistry.jrc.ec.europa.eu2009/07fingpire-
schema rdf#GeneralTerm

IN SCHEME:

http:ifinspire-reqistry jre. ec.europa. ew2009/07 finspire-
schema.rdi#Glossary

hitp:ffinspire-reqistry jrc ec europa ew2009/07finspire-
schema rdf#Glossary

| Only en available |

Essential for creating consistent data structures from heterogeneous sources

Importantfor grounding resource retrieval in cross-domain settings

Requiresuser-friendly toolﬁ that abstract from the technicalities of the SKOS format
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EUROPEAN COMMISSION Evvirorment and

11-12 March 2010 — GEOSS AIP-3 kickoff meeting

Publishingthesauri:
~Applicationsrequire standard means to leverage thesauri
~ SPARQL endpointsallow for HTTP-based querying of RDF data sources

~ RDFtriple stores allow for creating data bases of SKOS data

| I Workbench
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11-12 March 2010 — GEOSS AIP-3 kickoff meeting

Application scenarios(1):

~ Annotation of spatial data and services

European Commission

Florws Load ‘Walidale
Vetgiinla | [derdficabicn | Coabidicat wti] _,.
Matndnts or rr|-'|.|:|-'|-|":
™ ibotarata poiel of Sonat ')
" ol of pemasT W
-
DI BGn maE )
= )
E=misdl {'}
| BT

il Poesl 6l coslns

-
empraa date

" et Tt L EE 4"

Cuery in pogens =)

10. Metadata on metadata

For Bhe plueposes of Saticie 501 ) of Direcsye JO0TENEC

10.1. Matadata point of contact

e W

INSPIRE Metadata editor
Spatial Data Infrastructures Unit - JRC-IES

swing metasars seme NEEP://i€S.jrc.ec.europa.eu/spatial-data-infrastructures-unit

-
-
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EUROPEAN COMMISSION Evvirorment and
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Application scenarios(2):

. Semantics-aware retrieval of resources

EUmoGEOSS DNSCOVERYY AUGMENTATION COMPONENT CLIENT

u
[ = e
Fis Ml i

S —

EuroGEOSS semantics-aware search
ESSILab group—CNR

Spatial Data Infrastructures Unit - JRC-IES

http://www.eurogeoss.eu
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11-12 March 2010 — GEOSS AIP-3 kickoff meeting

e Vocabularies are stored into an instance of the Sesame RDF repository and linked to
each other by means of a custom application.

e A text-based query is applied for deriving terms containing the search keyword in
labels, definitions, and descriptions.

* The set of terms matching the keyword is extended with terms
narrower/broader/related to them.

o Coordinate reference systems"@en

“parameter'@en , skos:prefLabel

MapameTbp"@bg skos:prefLabel / leorpadpcka abmknHa”@bg

skos:narrowe

skos:prefLabel

/ "longitude"@en

skos:prefLabel

gemet:14935
\ skos:narrower

'Koop,qMHaTHacmmema"@bg’ skos:prefLabel skos:narrower __—"|Teorpadcka wmprHa"@bg

7 ™ _—skos:prefLabel
gemet:14936 \

“co-ordinate system"@en — -
’ skos:prefLabel latitude"@en

gemet:14937




For More Information

« AIP-3Vocabularies and Semantics Engineering Report

— http:/mwvww.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/pages/AlIP-3 ER.html#aipsemantics

* Scope: The AIP-3 Vocabularies and Semantics ER summarizes the outcomes of the first exploratory use of semantics (the new
integrative technologies being deployed over the world wide web) to provide more user-friendly, seamless integration across
cross-cutting activities within the GEO SBAs.

* The AIP-3 Vocabularies and Semantics scenario aimed at leveraging and further developing the RDF repository developed in the
context of the GENESIS FP7 project and implementing the semantics-aware extensionto the GI-CAT EuroGEOSS discovery
broker. This new capability was tested in supporting of the AlP-3 Water/Drought and e-Habitat scenarios.

» Point of Contact Editor: Cristiano Fugazza EC, JRC-IES
« Contributing Editors: Masahiko Nagai, Stefano Nativi, Mattia Santoro, Will Pozzi

 AIP-3Vocabularies and Semantics Demo Video
—  http://lwww.ogcnetwork.net/pub/ogcnetwork/ GEOSS/AIP3/pages/Demo.html

Help!!

Ontology and Taxonomy ¢

Help YOU find necessary information
at GEOSS

GEO Architecture Implementation Pilot
GEO Task AR-07-02
Ontology and Taxonomy Developmen|



http://www.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/pages/AIP-3_ER.html�
http://www.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/pages/Demo.html�

Relevant Activities

Interest in exploring how semantic mediation between the concepts
and vocabularies from different communities/domains/information
sources can be performed to enable successful discovery, exploitation
and integration of geodata resources

Activity 1: Global Earth Observing System of Systems (GEOSS)

— Architecture Implementation Pilot (AIP-3)

— Firstexploratory use of semantics within GEOSS focusing on the use of semantic
repositories for linking concepts from different scientific domains and the value of a
brokering approach to mediate multidisciplinary resources

Activity 2: OGC Web Services Testbed 8 (OWS-8) O

— Cross-Community Interoperability (CCI) thread

— Investigate, evaluate and demonstrate the benefits of semantic mediation
approaches (e.g. ontologies, mappings, SPARQL) to query and use data, based on
different data models, available via OGC Web Feature Services (WFS)




OWS-8 Testbed Milestones

Kickoff Meeting  9-11 March 2011

Key Initial Designs/Components/Services Due 22 April 2011

Interim Milestone 24 June 2011
(first draft of components, services, and reports)

Demonstration Milestone 26 August 2011
(screen captures; final services and testing due)

Interoperability Day at OGC TC 22 September 2011
(live & screen capture demonstrations)

Final Delivery 30 September 2011
(all final reports are due)

26



OWS-8 Activity Threads & Subthreads

Sensor / Observation Fusion

Observation Fusion: Coverages

Web Coverage Service 2.0:
EO App Profile, WPS/WCPS,
Compliance Tests

Observation Fusion: Motion

Moving Objects in Motion Imagery:
Detecting & tracking objects, and
setting bookmarks

Feature Fusion / Portrayal

Gsync
Geodata Bulk Transfer with
Synchronization: Content
management across SDI

CCI: Mediation\

Cross-Community
Interoperability:
Semantic mediation across
heterogeneous data models

J

CCI: Schema

Schema Automation:
UML-GML enhancements,
Schematron support for SWE
(O&M) schema

CCI: Portrayal

Portrayal Enhancements:
Registries for symbols and rules
(incl. DGIWG), FPS with SE + KML

Aviation / Weather

Aviation: Architecture

AIXM 5.1: Metadata, GML Profile,
Performance

Aviation: Portrayal

FPS, SLD: ICAO symbol libraries for
AIXM, WXXM

Aviation: Events

Digital NOTAM: Events spec, AIXM
event schema, validation

Aviation: Security

Authoritative AIXM Services:
Authentication (PDP),
Authorization (PIP),
Gatekeeper (PEP)

Aviation: Weather

WXXM 1.1: WCS conversion,
probabilistic TAF, distributed UoM

27




Cross-Community Interoperability (CCl)

« Semantic mediationis a function provided by service brokers and
clients to overcome mistmatches in community concept vocabularies
between service providers and consumers.

— Topographic Data Store (TDS) data model from NGA
— National Map Data Model from USGS

e Problem

— NGA user is used to working with (and styling/portraying) NGA data and NGA data
model but wants to be able to query other sources of data based on other models

e Approach

— Develop common data model (Rosetta Mediation Model)
NGA model as basis augmented as needed by USGS model
Develop mapping rules between NGA/USGS data models and the Rosetta Mediation Model

— Introduce mediation component

Allow clients to query multiple data sources in real time regardless of the differentsource data models
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Current Issues

 Adequacy/inadequacy of OWL and SKOS for specifying semantic
mappings

— Compiling list of semantic relationships that are needed for the NGA-
USGS models and not supported by either OWL or SKOS

« Using generic mapping transfer language such as RIF (Rule
Interchange Format— W3C recommendation)

« |Implementation of the mapping engine (transforming not just the
data but also the filter)



For More Information

e OWS-8RFQ (Annex B — Architecture)

— http://www.opengeospatial.org/standards/requests/74

e OWS-8 CCI Twiki (requires OGC portal username/password)
— https://portal.opengeospatial.org/twiki/bin/view/OWS8/CciHome

« Stay tuned for Demonstration and final results at OGC Technical
Committee Meeting on September 22 in Boulder, Colorado


http://www.opengeospatial.org/standards/requests/74�
https://portal.opengeospatial.org/twiki/bin/view/OWS8/CciHome�

Conclusion

 |ncreased need for semantic mediation activities across communities and
domains to achieve full interoperability

* Need for a consistent standards-based approach for successful mediation to
occur
» Currentapproachesbasedon modelmappingand brokering/mediation components
 Useof semantic repositories to link concepts from different domains
* Value of brokering/mediation approach to mediate multidisciplinary resources

— Many examples exist out there in different domains
- GEOSS
«  NGA/USGS



For More Information

Open Geospatial Consortium, Inc
www.opengeospatial.org

OGC Aviation Domain Working Group
http://www.opengeospatial.org/projects/groups/aviationdwq

OGC Geosemantics Domain Working Group
http://www.opengeospatial.org/projects/groups/semantics

Nadine Alameh, Ph.D.
nalameh@opengeospatial.org

O G C ’
Copyright© 2010, Open Geospatial Consortium, Inc.,


http://mail.opengeospatial.org/mailman/listinfo/sensorml�
http://www.opengeospatial.org/projects/groups/aviationdwg�

Hodgson, Ralph - Valuing the Role of Semantic Web Technologies - A Ten Year Personal
Reflection

Since 2001, in government projects, | have faced the questions: "What does the use of semantic
technology mean to the users of data?’, "Can semantic web technologies really ‘connect the dots
and break down data silos?’, "What does it mean to link data?*, “How do Ontologies help data
interoperability?’, "How can RDF and OWL co-exist with XML?", "What has to happen in an
organization for semantic web technologies to be put to work effectively?*. Using examples
from government organizations, | will look back and reflect on how these questions where
addressed. In 2003, at GSA, we created the FEA ontologies. My experiences have also been in
situations where data has mission criticality, with challenges to data aggregation and
interoperability. Since 2002, at NASA, we have worked on the use of semantic technology in
data architecture, systems engineering, simulation and Modeling, and Telemetry and
Commanding for Space Systems Interoperability in support of Manned Space Missions. At the
Netherlands Ministry of Justice, our work was to use semantic technology of a model-based
approach to generating component XML Schemas compliant with UN/CEFACT Core
Component Technical Specifications (CCTS). The 0eGOV .us project was a persona effort to
ontol ogize the structure of the US Government. All these efforts provide lessons on "how to put
ontologies to work". At this workshop | look forward to sharing predictions and plans for the
next ten years.
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0:0 Semantic Web Technologies

"Valuing the Role of Semantic Web Technologies - A Ten Year Personal
Reflection and a Vision For The Next Ten Years"

A Personal Appreciation

Ralph Hodgson
TopQuadrant CTO

April 12, 2011

© Copyright 2011 TopQuadrant Inc. Slide 1



TopQuadrant™ @@

> Introductions =

Ralph Hodgson

—  co-founder and CTO of TopQuadrant, Inc., a US-headquartered company that specializes in semantic
technology consulting, training, tools and platforms;

— Lead Ontologist for the NASA NExIOM Ontologies.

—  Prior to starting TopQuadrant in 2001, Executive Consultant at IBM Global Services and founding
member of the Portal and Object Technology Practices;

—  Co-authored \Adaptive Information, published by John Wiley in 2004, and Capability Cases: A
Solution Envisioning Approach, published by Addison-Wesley in July 2005.

Member of INCOSE, and participates in the Model-Based Systems Engineering Initiative.

What | care about:
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0:0 A Self-Confessed Methodologist
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0:0 What the other Ralph Hodgson said

“Some things have to be believed to be seen”

=» There has to be an “openness” to
possibility before a value proposition can
be appreciated.

Image source: http://www.brynmawr.edu/library/mirabile/mirabile2/hodgson.html

© Copyright 2011 TopQuadrant Inc. Slide 4



0:0 How Semantic Web Technologies Deliver Value

1. Canonical data = Subject-Predicate-Object Triples
2. ldentifiers 2 Composition Construct for Aggregations

3. Schemas are also expressed in Triples and can be
qgueried using same query language — SPARQL

4. Evolvability — schemas, vocabs and datasets can
readily evolve

© Copyright 2011 TopQuadrant Inc. Slide 5



a

Q

(I

(]

TopQuadrant™

0:0 Some of the Questions that are asked

"What does the use of semantic technology
mean to users of data?"

"Can semantic web technologies really
‘connect the dots' and break down data
silos?"

"What does it mean to link data?"

"How can data access and visualization be
improved?”

"How can RDF and OWL co-exist with XML?"
"What has to happen in an organization for

semantic web technologies to be put to work
effectively?"

“What are the criteria for choosing
technologies for implementing solutions?“

“When to know when to stop modeling?”

© Copyright 2011 TopQuadrant Inc.
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o
Q@

Formal

Informal

© Copyright 2011 TopQuadrant Inc.

“Quadrants of Meaning”

Modal Logics
Thesaurus
FOL OWL-2
S : DL Semantic
Demaf‘“‘? CG Executable
escrlptloqs - Models
opic Maps
Taxonomy i |p _ OWL
OWL-Lite
. RDFS Rul
Terminology _ UML MDA ules |
Management
XML
Code
Portals ER
Textugl | HTML Syntactical
Descriptions Consensus
PDF
Human Machine

P w

Take A'w'm;

Slide 7




TopQuadrant™

0:0 Putting Ontologies to Work

Ontologies as Ontologies as
Design- Artifacts Run-Time Artifacts
Read/Write
Model-Driven
M [-Driven Applications
((S)Sr?erativg Orchestrated PP :
(@) Applicati Applications Semantic
wn (- o nfiSuEalti((:)?c:? Qrij . Dataflow/Workflow/ Mediated
© S transformation to Process Applications
CIEJ ("/“) software modules Read-Only
c Model-Driven
O i )
n Controlled Applications
o Vocabularies ]
- used by Query
C applications Response @
v Reference Model3 Databases
() Transformation to with/without rules
= other artifacts and/or inferencing
O
=
y— - _
o 8 Linked-Open Data
Q ; Apps (now) \ﬁ
[ Conceptual graph traversals and ;
e @ Models aggregations with or ' 7N '
for analysis, design and without schemas Take Awn
communication 17
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refl: http://www.readwriteweb.com/cloud/2011/01/the-concept-of-linked-data.php

ref2: http://richard.cyganiak.de/2007/10/lod/
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0:0 The Linked Open Data World
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?8 = - Open
E + g QUDT ¢ Apps
q) +— _1 @©
7)) ; 8
2| ¢s
O a
(D) nd
e
O
3 € s
— 20
-O ~~
<| 52
- S o
@)
=
©
(- |
o =
AEE
< o
; e
[
(@]
Z
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“Link-
ability”

Based on
data.gov
June 2009
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%

2003

55 O DavrDR

U.S. General Services Administration

GSA OSERA Deliverable

Version1.0

&
FEA Reference Model Ontology (FEARMO)

January, 2005

2005

DEPARTMENT OF DEFENSE

DoD Enterprise Architecture
Reference Model

Perspectives on a Unifying
Framework for the Federal
Enterprise
November 03, 2005
By

Rick Murphy, (fichard murohv@ssa gov)
George Thomas, (george thomas@gsa gov)

In collaboration with the
Roy Mabry
DoD EA Congruence Community of Practice
Between April 2005 - October 2005

2007

Roadmap for Semantics in

Netcentric Enterprise Architecture

Prepared for the Office of the CTO, US General

Services Administration
February 2, 2[106
Erick Von Schweber

erick@synsyta.com

Executive Summary

A mult-stage roadmap is presented by which to incrementally transform today's

re that enables automated inte:

ly Fluid and fully netcentric
ing uniformity.

: without requiri
A concrete worked example demonstrates the recommendations of the first
stage.

Roadmap for Semantcs In Netzenini Enferariss Archiecirs T
Prepared tor e Dffce of he CT0, US Gereral Senices Adminisraton 2272005

Eriek von Serwener

ENEYaLLC © Symcyia 2006 All Rghis Recerven  ernokg@eymeyia.zom

2009

Al

e iy
\ 1 CCINUI0YY
Developfr:ient

Roadmap Plan
Agei 2008

Version 3.1 (Final)

s Cpan Puessin, ne 205
Oce o ecury Revew, Cepatner o Cetrse

Some Key Moments in the Evolution of Open Semantic Web
Technology in U.S. eGovernment

2011

-~
~ma
-~

¥ OFcov

Ontologies for e-Gavernment

What is 0eGOV?

iagiss for savarmmsrt This infative s bom

e Tun Bermers Le<'s vision ol “Liked 0pen

Use Case 8 - Linked Cpen Government|

Use Case: Open Government: Linked Open Data
Identifier
CEaG D
Author(s)
Fick Parphy

Problem Definition

http://www.oegov.org

http://www.acg.osd.mil/jctd/articles/OTDRoadmapFinal.pdf

http://www.w3.org/egov/wiki/Use_Case_8 -_Linked_Open_Government apFinal.pdf

http://colab.cim3.net/file/work/SOACoP/Roadmap%20for%20Semantics%20in%20Netcentric%20Enterprise%20Architecture. pdf

http://cio-nii.defense.gov/docs/20051102-GSA_DoD_Ontology_final.pdf

© Copyright 2011 TopQuadrant Inc.
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0:0 2001 — Birth of TopQuadrant

Formed in 2001, TopQuadrant is a well-established tools, products, solutions,
training, ontology development and consulting company with more than 100
person years experience in Semantic Web Technologies.

Platforms and

Training Tools Solutions Consulting
TopQuadrant has TopQuadrant has the leading TopQuadrant has a TopQuadrant has consultants
trained many people in RDF, OWL and SPARQL tool semantic platform, a that have worked, both in TQ
Semantic Web suite that integrates with a rapid application and in previous companies
Technologies perhaps number of triple stores and builder, and solutions (notably IBM), on many
more than any other databases, including for vocabulary and consulting projects. At TQ we
company in the world. ORACLE-11G. metadata management do: Jumpstarts, Competency

Development, Solution
Envisioning Workshops,
Ontology Modeling, Semantic
Application Development

© Copyright 2011 TopQuadrant Inc. Slide 12
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2001 — Helping People Make Sense of
(2 Semantic Web Technologies

Content
Management
Semantic Languages
Technology
Languages
Process
st (g €, Knowledge
| MOF\\ Languages
Al Knowledge N / /_RQSQW Software
Representation 3 ‘ Modeling
“‘,.}', ‘\r /A Languages
: 0
TopQuadrant erloo Script http://www.topquadrant.com \ﬁ
; The iseage of the Trea of Knowdadge was cneated by Jordas Shuarf 40d /\

v obraned trum the Eltweod wid o & hiiooiaiiweod lysalor ). esfoyaletusiacan of tnml ij q 'ﬂ‘l;

© Copyright 2011 TopQuadrant Inc. Slide 13
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2002 - Terrailn
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Digital
Shuttle
Ontology
Engineering
Project

BER romiter] (0 [F[E]
B [arFuselage] (01 [E]
B [BodyFlap](chanas) (0) [E]
B [Forvardruselagel(chanas) (0) []
BE [Bulkheadl(chanas) (0
{9 [FiveaxisMachinedwindowStructural

2.1 Orbiter Forward Fuselage - Major Zone 100

{®] [FlexibleMembrans](changs) (0

[9) [Forvardouterpanewindshieldl(ch

‘%!l [OrbitalManeuveringSystemORRe acti

[ [outerstructuralskinl(chang4) (0)
B{] [verticalTaill(chang4) (0)
B [winal(chanaa) (o) [F]

Capability Cases

A Solution Envisioning Approach

Irene Polikoff, Robert Coyne, Ralph Hodgson

© Copyright 2011 TopQuadrant Inc. Slide 15
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TopQuadrant™

o
Q@

-

5. The equipment was

k 3. With incomplete made for the suppier‘ installed over 20 years 6. The people that
1. An equipment 2. An engineer answers, he consults and where it was used ago and all of ‘r)ll‘ae Wouldpkntf)w had
anomaly delays the searches databases other engineers about elsewhere on the required information retired and had to be
Qpace Shuttle Iaunch/ kfor‘ similar problemS/ the faulty equipment Shuttle could not be found. located
/; >/4 r x / N — AN )

NASA , by 2 R
K led e —— < —
Sgl?:lz:sg;a isc PRACi iFE PRACi EO

P4

4 N

8. On their advice,
7. Retirees were more document
brought back to work searches were

10. Important
9. Key documents were information was

found in the archives communicated to 11. A solution was 12. The launch

K on the problem / k conducted. j k of a building / k relevant parties j k decided / \ occurred. /

Disclaimer

This scenario is fictitious and is not based on any actual occurrences on the Space Shuttle. It is inspired by the movie entitled “The Space Cowboys”.

© Copyright 2011 TopQuadrant Inc.
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o
<

~

4 A N -

2. Engineer asks

the Knowledge 3-h Enng'e:j a:hs
Advisor about the who supplie e 4 7
aa Z
valve that is leaking ‘éGW_e, Pe'?Vﬂg ) 4. Engineer o) S
- has it happened ngineering Uraders . '
1. Leaking valve before? S)esf’tem (EOs) and Drawing determines what 5. i:le(\jN E(ji Pc:re 6. Shuttle mission
delays Shuttle reports previous numbers also where needs to be done to raised and The

@ ready for Iaunchj

\ launch / KCIdemS j Qe valves are usa eplace the valves j kpr‘oblem is fixed

NASA '
Information

sources
Digital
ot [ Shuttle Information Hub

Engingering
4 Project
o R
SC PR SC PR FE PRACASDS :

(
NASA

© Copyright 2011 TopQuadrant Inc. Slide 17
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Context/Concept-Based Search finds
Information based on similarity measures

I=Clie)1 | Failure corrections on Mission STS-123

! \ \
1 ’
ro ' , \ \
S \ ’ '
/ 1 \ e
1 AY

Management N is kind of /"
Information Type X is kind of :
Pre-Launch - \
Inspection Operations Report
DataShee Information Type

Types | isa \ isa’ | is a

’ 1 \ \
/ 1
’ \

Instances

occurred on

Discrepancy Report STS-123 Mission

occurred on o ilari
N Similarity

“\Relationship
\

@ive Action Report \
! occurred on N
Failure Definition and occurred on CalLV-020
Resolution Tracking Report ' Mission
reported on Deviations Waivers and
Exceptions

© Copyright 2011 TopQuadrant Inc. Slide 18
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2003

“"Semantic Technologies for e-Government”

% White House Conference Center,
. Washington D.C., September 8. 2003

1 T R —
Copavity Cases_[Espe o - R - e
== - | =3

Web of
Trust

Ontology support

Dublin
Core
element
set

Universal Resource |dentifiers {Unicode)

© Copyright 2011 TopQuadrant Inc. Slide 19



W Brief History of TQ’s in RDF/OWL for Semantic-
Enabled Enterprise Architecture

2002 2004 2006 2008 2010

—

«——— Capability Cases —»
FAA

+«— FEA-RMO — —»
+— OSERA —

k +«— NASA NExXIOM >

)

2D-U

+— NATO -

paseyu;

(sno0d

yoeouddy uanug-ssauisng

$21MP811Y2.Y paseg-jusuodwo) >

— DoDAF —

BEA
«—

<

* Business-focused data standardization
« Cross-Agency Information exchanges

— CCTS
oeGOV

< 14

References: (1) SKOS-based FEA-RMO Ontologies are at http://www.oegov.us/blog/?page_id=102
(2) 0eGOV ontologies are at http://www.oegov.us

© Copyright 2011 TopQuadrant Inc. Slide 20
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o
Q@

2004 - FEARMO

WHAT WHAT WHO WHAT WHAT
el What are the What are the Who are the What is the What is the
- relevant people, processes and customers of purpose and rp highest-

o) technology, and/or activiies? these processes? mission of the 1 level policy
 — fixed assets? The products and organization? ‘_. priority?
U) senices? HOW
[T HOW HOW

o How do these HOW How are these

. = customers How do these

D inputs contribute How do these impacted by the influence Strategic

- to processes and impact customers products and Outcomes?

i activities—and by and contribute to seniced provided?

extension the Mission and
organization’s Business Results?

mission?

fea: Mission

prm: GenericMeasurementindicator

fea: Agency

prm: PerformanceMeasure

brm: SubFunction

prm: OperationalizedMeasurementindicator

brm: hasCustomer srm: Service

fea: Customer

brm: Process

brm: Resource

© Copyright 2011 TopQuadrant Inc. Slide 21
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D 2004

QUTCOMES
I +
enable enabla
|
=== RESULTS ]
Capability Cases R
pravant support prvest
A Solution Envisioning Approach CAPABILITIES
so\u\\ﬂﬂ EnWS' are avercome by
* : . IO/)/. v
Voice of the % [ CHALLENGES ]
Customer .
are wari:,crma by l:ra*ata
|
Vokm*d

Technologist BARRIERS

u

encounbes
Irene Polikoff, Robert Coyne, Ralph Hodgson —

solution 5,,%/
\ oy,

Need Strategy X, Solution Outcome

www.capabilitycases.org

© Copyright 2011 TopQuadrant Inc. Slide 22
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< 2005

Semantic Interoperability
»Data Integration
»Information Inferencing
»Web Services Discovery
»Web Services Composition

Human-Computer
Interaction
»Dynamic User Interfaces
»Role-Based Portals

» Social Networks

Kmbient Intelligent 4
Intelligence Ontology Agents

Cognition

Web, Advisors

Grid semantic Semantlc > Design Assistants
2 Web/cria  S€mantics TN Services |IEVIRIST

»Recommenders
P2P .
. . »Mediators
Semantic Smart Generative 4
Acquistion, Content Content,
KnOWIedge Search Provisioning

Management
»>Concept-Based Search Content Management

» Context-Aware Retrieval C ontent » Personalized Information

>Expert Locators » Repurposing

» Collaboration > News feeds
7 » Markup

Source: Top
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0:0 2005 — Connecting FEA and DoD Models

\ Agency-specific extensions |

£ B . " "
. ~ ... |shown "green
Ot side World Demilitzrized Zone [DME) Internal Ervdronment Data Interchange
[Semice Component Acoess) [ithin Agency Boundaries) .
IR Service Standard
Meazurement Area *= agency specific
Measurement Category (49) | : N - W G
Measure Of Efectiveness (188) : = Effioef >
ity Computer Graphics *
Digital Audio and Video *
Business Area (4) 1 Digital Media *
: . I
Line of Business (39 - I \L Electronic Business using XML
Subfunction {156) Ihien el Identification Friend or Foe *
_______ Internationalization *
. . Serdce Access Service Platforms & Component Service Interface Resource Description Framework
Senvice Domain (7} and Delivery Infrastiicture Framework and Integration Simple Object Arcess Protocal

Sarvice Type (28]
Service Companent (168) - -

Serice Area (4)

- - Spatial Imagery *
Tactical Infarmation Exchange *
Yoice Encoder ™
YWeh Services User Interface

Service Categary (18} =l
Service Standard (54 ldentification Friend or Foe (IFF) =ML Digital Signature
=ML Farms *

Service Specification (214

The primary function of Identification Friend or Foe (FK) is to establish the identity of all friendly AML Path Language ™
| systerms within the surveillance volume of surface-to-=r, air-to-air, and some air-to-ground Hiuery
Wieapon System platforms. The need far friend identificgtion is to permit tactical action against
include descriptions in search ] allfoe (non-fiendly) systerns and to avoid tactical action against friendly systems. This need is
a key element in modern combat, as an ohject detected Yy a sensor, even beyvond visual range,
has to be identified and classified as early as possible sy that, if necessary, either an

appropriate defense can be prepared against the foe or tat steps can be jakeodonrauantibe

friend fraom being engageds attacked by friendly farces. Ho.'. Iinks 1-0 TRM ar\eas

© Copyright 2011 TopQuadrant Inc. Slide 24
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Q:Q 2005 — Searching FEA and DoD Model Differences

F EA Re tlry FEA Explorer
r R - = FEA Editor
- FEA Inve stigator
- - [ = o

DOD v Search results for 'quality’:
Measurement Area (G)
Measurerment Category (48) = Sewices to Citizens = Environmental Management = Ervironmental Monitoring and Forecasting
Measure Of Effectiveness (188) Erviranmental Monitoring and Forecasting lmvolves the obsenation and prediction of emdranmental canditions. This includes

but s ot imited to the mopitoring and forecasting of water quality, water levels, ice sheets, alr quality, requigted and
non-requiated emissions, 2s well as the obsersation and prediction of weather patterns and conditions.

Business Area (4) = Management of Government Resources = Supply Chain Management = Inventary Caontrol

Line of Business (39) Inventany Control refers to the tracking of information related to procured assets and resonrces with regard to quantity, quality,
Subfunction {156) and facation.

Service Domain 7

Service Type (249)
Serdce Component {168 Ervar rates and complaints reigted to products or sensce. vial 1, p 18

= Processes and Activities Measurement Area = GQuality

= lizsion and Business Results Measurement Area = Environmental Management = Environmental Monitoring and Forecasting

Exironmental Monitoring and Forecasting Imvolves the obsenation and prediction of emdronmental conditions, This Includes
. but s ot imited to the mopitoring and forecasting of water quality, water levels, ice sheets, alr quality, requigted and

Senice Category (18} non-requigted emissions, 35 well 35 the obseaation and prediction of weather patterns and conditions.

Service Standard (547

Service Specification (214)

Service Area (4)

= Mizzion and Business Resudlts Measurement Area = Supply Chain Management = Inventory Control

Inventary Cantral refers to the tracking of information related to procured assets and resawrces with regard to quantity, quality,
gnd facation.

quality
include descriptions in search

W

= izustomer Results Measurement Area = Service Qualtiy

Quality from the customer's perspective and aocuracy of responses to customer inquivies vol. 1, p 15

= Technology Measurement Area = Quality

The extent bo which technoiogy saitisfies funcltionality or capability requirements or best pracltices, and complies with
stahdards val 1p 12

© Copyright 2011 TopQuadrant Inc. Slide 25
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42005 — OARS and SAPPHIRE

TopQuadrant

h - SAPPHIRE Project

Situation-Aware Prevention of Public Heath
Incidents using Reasoning Engines

Systematic and Continuous Collection, Analysis, Interpretation, and
Dissemination of Diagnostic and Pre-Diagnostic Data for use in Timely and
Sensitive Detection of Public health Incidents (Bioterrorism or Natural) to
Reduce Morbidity and Mortality by Better Response Planning and
Coordination.

The Centerfor Biosecurity and Public Health Informatics Research

University of Texas, Houston

S,

Take AWM/

© Copyright 2011 TopQuadrant Inc.

[tompetency Question] (34}

[Ontology AccessRiahtl (3}

[Ontology Archite

[Ontology Quality] [Case Finding Syndrome Definition]

[Ontology Vintage [Contextualized Access to PHP services and Information]

[Representation]

Iscenario] {1} [Controlled Smart User interaction]

[stakeholder] {11 [Cross Dornainz Inusstigation]

[SubjectArea] {T} [Customizable Communication Plan]

IwebEntity] {33}  |[pynamic composition and orchestration of services for novel tasks]
Ontolog {4}'} [Dynamic Mapping Across Taxonomy Systerns]

Drganization I:E [How to deal with contradictory datal
Prnject (El:l [How to deal with erronecuws incidents]

[How to distinguish bioterrarisrn from natural event]
Fezource] (4)

[Contextualized selection of statistical and mathematical functions]

[Contextualized Systemn Behavior]

[How Sustern Fuents are Associated with Authorities]

[How to Distinguish Dizorders]

[1dentify Appropriate Response]

Irmpack Analysis

[1z thiz a potential act of Terrorism]

[1z this incident explained by historic or cultural or social events]

[Local deterrninants of PH]

Matural Language Processing

[coc]
[CoD]
[Epa]
[FEMA]

HCP Hospitals

[Houston Dept of Health]

[Mermorial Herman Health Care System]

MASA J5C slication
TATRC

[UT oOffice of Biotechnaology]

[UT School of Health Information Sciences]
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& 2005 — SOA, EA, DoDAF and Semantic
‘0‘ Technology

Realtime-Enterprise_Architecture:
How SOA Can Use and Benefit from Active EA Models THE ENTERPRISE ARCHITECTURE SOLUTION SPACE

November7,2005

g 4 B
o o -
Ralph Hodgson 3 3¢ & TopSCAPE"
CEO, TopQuadrant, Inc. (7] :
. . Semantic Web Services
oy Non-Semantic [}
Proprietary |} G : 2 )
L emantic EA Regist
EA Solutions |} ot it
.
.
@ (3 Semantic Web Technologies
o € |
EnterpnseArchntect o 9
elova. Summit 2005 o lﬁ CASE'based
= = EA Solutions
‘ ) Towal;:i_s “Executable EA”: 5 Noh-Semantic
InformationExchange”in DODAF Ontology : : Proprietary
. T S ) > EA Solutions
' IS
EA Portals g S
- Q
y 2
3 Q
v : S
- EA Web-Sites S
[ ~
o) @
wv
Reference-only Interoperable Executable
USAGE
D Commercially available - In development g Enabling technologies

Enterprlse Architect

4 Summit 2005
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9.

source: “Time Flies” image - http://positivecoachmaryellen.wordpress.com/2011/01/
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from hierarchies

to Graphs

from Graphs

to hierarchies
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< 2008

from Graphs to Documents

The National Aeronautics and Space Administration

Presents the

Group Achievement Award

to

Computing Systems and Interoperability SIG

For the extraordinary contributions and achievements which led to the Constellation
Program’s successful System Requirements Reviews and Program Baseline Sync-point.

Ralph Hodgson

Signed and Sealed at Washington, OC this
eightfi day of May Two Thousand Tight

Vdministrator, NUS
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2009

from databases and spreadsheets

to Graphs

Query Brokering through an
Ontology-Driven “Switchboard”

Composite Graph
Different : 9(‘_‘!9 Cc\\o.,% oéo 7 Oofg)‘\o Q"P
Data in qué\,;o quB\’
Ditferent ["Enterprise Connectivity Hub
DB6 |

Places g] =1 F
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NASA NExIOM, QUDT, TCMX and
Information Architecture Ontologies



NASA Constellation Program ??f’

Constellation Program Data
Architecture and Interoperability
through the use of OWL Ontologies
with strategies for co-existence with
XML and other data formats.

CONSTELLATION

0000000000000
rrrrrrrrrrrrrr
Specification

En(voding Rules

33

© Copyright 2010 TopQuadrant Inc.
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Key to Success is an Ontology Architecture —
Five Dimensions turned out to be important

Time

&
.-:P’Q Mission Ontology
& nasa_mission_s
& Enterprise Ontology

=% v
= & nasa_ea_s

?’? & Situation Ontology
& g nasa_sit_s

& Process On
& %ﬁf il 7nxsa_sit_s

Task Ontology X
nasa_tsk_s

W Device Ontology §
nasa_dev_s

nasa_core_S Source: TopQuadrant, Inc

* Ontologies partitioned by domains, disciplines, organizations, specificity and time;
* Named graphs aggregated using configuration ontologies according to need;

* Three other dimensions also important: aspect, viewpoint and perspective.

© Copyright 2010 TopQuadrant Inc. 34



Information Architecture

Information architecture (I1A) defines a model, processes and services for
how information is represented, governed and used in systems,
applications, databases, documents and activities in order to ensure
compliance to naming and identifier rules, standard data and information
types, controlled vocabularies and coding schemes.

NASA Information Architecture
Governance
Provenance

OWL
Models
7p]
% Algorithms
) x &
Q c Equations
> o
o D
@ || R Information Types
§ o3
c =4
w = Data Types
I
prd
Names and
XML Identifiers

Metadata

e o
b o

R

3

ming, technica’ -
development, PrC 2 re. and critical
S I

design. Information

system software . ;
a}r/chitecture has somewhat differen

eanings in these diferent 'branches of IS of
IT architecture. Most definitions ha}/e f
common qualities: @ structural design of
shared environments, methods of orgam;mg
and labeling websites, intranets, and online
communities, and ways of bringing the
principles of design and architecture to the
digital landscape.
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Operational Roles of an Information Architecture

|A serves as a “Rosetta Stone” for finding authoritative information. Instead of
reading documents, specifications of models and schemas can be queried by both
software and people. For example, a Sensor and its parameters is named and
encoded differently across systems and applications.

( \
UDDI Metadata Name and
Registry Registry Identifier Registry
Business Data Ops Nom,
Fi ot element CxID
XML specification Table Database
Registry | XMLtag / Column
S~ Venhicle Sensor
Name + Telemetry and
SerE e > PacketID| Command
/ . dictionary
: S/W
CASE Registry | _.. oo / \
Vehicle
Bu_siness i files config Recon
object Sim name Registry
Document
S/W Component DSIL Management
Registry Registry System




|A resolves the meanings of all Sensor information
objects irrespective of their locality.

Sensor and its Information Architecture

Parameters Reference Model

mnn fi RengW %

is a Model ——

—__,conformant with
Encoding Rules

compliant with
: Name and —
Identifier Rules

is an Information Type
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|A and Ontologies, Time Series Array Example:
Mass Properties

Mass Properties
Instance of a Time
Series Array

Ontology Model
for Time Series
Array

is a Data Type
wlnfoﬂ"'m

Making the connection
between adata value

I dratype ypeDuapel.l]
9 peypiectr L1 s | i Typebec)
L ey elhgbtegeiL|

is an Information Type

sign Rules

Encoding Rules

Information Architecture
Reference Model

rchtect™

Govemanc®

provenance

Equations

Metadata




il Netherlands MoJ Approach to Message
Design for Interoperability

3
Q

Problem: Seamless information sharing is challenging:
Data resides in many diverse systems supporting unique operation requirements of
courts, police, hospitals, border control, motor vehicle, local and federal offices.

Solution: Ontology-Based Metadata Workbench:
Transform “Rich” Ontologies into CCTS Ontologies and allow Business Analysts to
assemble business documents for electronic messages from Component Parts.

Core Business Business
Components Information Documents
Entities

% BB

—

= Schema
BN _. -
e XL

Schema

Conceptual Logical Physical

OWL 2.0 UN/CEFACT CCTS 2.01 UN/CEFACT NDR
© Copyright 2011 TopQuadrant Inc. Slide 39
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& Netherlands MoJ — e
{ Ml Creation of XML Message Schemas —Aa
Ontologies

2 Rich O\ / CCTS Ontologies\
Business
CCTS-Compliant XML Schemas
are generated from the XSP
Document
Core

- CCTS XML CCTS XML

»I K Coor?lzﬂzsnt / ‘I . I SchemaPlus I Schema

Document
Ontologies

Business
Component
Overlay

? SPIN Transformation rules CCTS Document Editor ~ XSP Generation XSD Generation
CCTS XSP
MetaModel MetaModel
“Rich” Ontologies are
expressive models of
domains. These include Acronyms
LKIF and detailed situations BIE Business Information Entity
/CEFACT Core Component Technical
of law and legal document CCTS  UN/CEFAC
& Users create CCTS documents Specifications
and procedures. LKIF Legal Knowledge Interchange Format
from BIEs and Core SPIN  SPARQL Inferencing Notation
Components XSLT  XSL Transformations (XSLT) Version 2.0
XSP XML SchemaPlus
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NIEM JXDM to OWL Transformation
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x4 Metrics on the NIEM OWL Model

Class Properties NIEM Classes with same Properties Count
Ferson a1
Document BB 1600 7
Wehicle a2

1400 4
Metadata 27
Organization 26 1200 -
ltern 23
nist Transaction 27 1000 -
Location 21
Biometric 19 800 1
Locale 17 c00 -
ltermTitle 16
Tangibleltern 16 200 -
Ohbligation 15 N
TelecommunicationDevice 14 200
FersonEmploymentfssociation 14 i,
nistMNISTImage 14 O T T
OriverLicense\Withdrawal 13 1 4 7 101316 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82
Frogram 14
ltermFeqgistration 14 o e
. SELECT ?class ?restrictionCount

nistlmageCapture 13
Einary 12 WHERE {
PersonEncounter 11 ?class a owl:Class .
Insurance 11 LET ( ?restrictionCount := smf:countResults( "SELECT
Injury 11 DISTINCT ?property WHERE { ?class rdfs:subClassOf

?restriction . ?restriction a owl:Restriction . ?restriction
owl:onProperty ?property }"))

}
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3
Q

| Person

M hasPersonfccentTesxt : Text

W hasPersonfgeDescriptionText @ Text

[ hasPersonfgebdeasure : Timehdeasure

W hasPersonflternateMarne @ PersonMame

[ hasPersonBirthDate : Date

W hasPersonBithLocation @ Location

W hasPersonBloodType : PersonBloodType

[ hasPersonBodyXRaysfvailable @ PersonBody¥Raysdvailable
W hasPersonBuildText : Text

W hzsPersonCapability @ Capability

[ hasPersonCircurncisionIndicator @ xsdliBoolean
W h=asPersonCitizenship @ PersonCitizenship

[ hasPersonClothing @ Clathing

MW hasPersonComplexionText @ Text

[ hasPersonDMA : DMNA

W hz:PersonDeathDate © Date

[ hasPersonDependentQuantity @ Quantity

W hasPersonDescriptionText @ Text

[ hasPersonDigitallmage :Image

M hasPersonDigitizedSignaturelmage @ Image

W hasPersonDisquiseDescriptionText @ Text

[ hasPersonDonordrgan @ PersanDonarOrgan
[ hasPersonEducationlevel Text : Text

[ hasPersonEthnicity @ PersonEthnicity

(M hasPersonbyeColor @ PersonEyeColor

W hasPersonEyewearDescriptionTexst @ Text

[ hasPersonFacialHairTest @ Text

[ hasPersonFingerprintset @ FingerprintSet

[ hasPersonGeneralfppearanceDescriptionTesd @ Text

[ hasPersonHairdppearanceText @ Text

[ hasPersonHairCateqoryText : Text

W hasPersonHairColor @ PersonHairColaor

[ hasPersonHairlengthText @ Text

[ hasPersonHairsthdeTest @ Text

[ hasPersonHandednessText : Text

[ hasPersonHeightDescriptionTesxd @ Text

[ hasPersonHeightheasure : LengthMeasure

[ hasPersonHumanResourceldentification : Identification
[ hasPersonlnjury : Injury

(M hasPersonlntoxication @ Intoxication

100 hasPersonlewelryDescriptionText ; Text

[ hasPersonlLanguageEnglishindicator :xsdl:Baolean
W hasPersonLearningDisabilityText : Text

[ hasPersonlicenseldentification : Identification
W hasPersonlivinglndicator @ xsdLiBoolean

W hasPersonhdaritalStatusText @ Text

W hasPersontledicalCondition @ MedicalCondition
[ hasPersontledicalDescriptionTesd @ Text

[ hasPersonhedicalFilelndicator @ xsdl:Boolean
[ hasPersontledicationRequiredText @ Text

[ hasPersonhentalStateText @ Text

[ hasPersonMilitarySummary @ MilitarySurmmary
[ hasPersonhoodDescriptionText @ Text

[ hasPersonMame @ PersonMame

[ hasPersonMationalldentification : Identification
[ hasPersonMationality @ PersonMationality

[ hasPersonMationalityText @ Text

W hasPersonOrganDonatordndicator @ xsdliBaolean
[ hasPersonOtherldentification : Identification

NIEM Person (Proto) OWL Model

W hasPersonPassportddentification : Identification
Ml hasPersonPhysicalDisabilityText : Text

Ml hasPersonPhysicalFeature @ PhysicalFeature

[l hasPersonPrirnarylanguage : Personlanguage
M hasPersonRace @ PersonRace

M hasPersonReligionText : Text

M hasPersonResident : PersonResident

Ml hasPersonsiMIdentification : Identification

W hasPerson3econdarylanguage @ Personlanguage
W hasPersonSecurityClearance @ PersonSecurityClearance
W hasPersonSex @ PersonSex

M hasPersonSexualOrientationText @ Text

M hasPersonSkinTone @ PersonskinTone

M hasPersonSpeechDescriptionText : Text

Ml hasPersonStateldentification @ Identification
M hasPersonTaxddentification : Identification

MM hasPersonTooth : Tooth

M hasPersonUSCitizenIndicator @ xsd1l:Boolean
W hasPersonVisionPrescriptionTest @ Text

W hasPersonWeightDescriptionText : Text

I hasPersoniWeightheasure  Weighthdeasure
M hasPersonXRaylmage :Image

To address the reusability required in the MoJ work, the NIEM Person
was re-factored into individual ‘Details’ classes.

© Copyright 2011 TopQuadrant Inc.
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Refactoring of NIEM Person into an OWL Model
with reusable Concepts (person:Detalils)

3
Q

| person:Person

[ personiagebdeasure @ personiTimebdeasure
M personalternateMarme @ person:PersonMame
MM personbirthDate :[0.1] (fnax 1 personDate)
M personideathDate @ [0,.1] {rmax 1 person:Date)
[ personidescriptionTesxt @ person:Text

[ personidetails @ persom:Details person:Details

MM personinarme @ person:PersonMame personidetails

jcidescription ¢t string[0..1]
B personiage :[0.1]
B personidependentQuantity :int[0.]
B persontheight @ [0..1]
B personipersonsex : [0.1]

| person:PhysicalDetails person:hedicalDetails

| personifppearanceDetails

personConditionDetails

| person:ByeDetails person:SocialDetails |

| person:HairDetails | | personldentificationDetails |

Depending on the context of use, concepts describing different details
about a person can be selected for the UBL Business Documents and
Messages.
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Refactoring of the NIEM Person into an OWL Model with
reusable Concepts (person:AppearanceDetails)

personiDetails |

T

personppearancelDetails
personbuildText : persom: Text

personiclothing @ persom:Clothing

personidependentQuantity @ int0.]
W personiheight : [0.1]
B persomipersonSex : [i1.1]

personicormplexionText @ person:Text

personidisquiselescriptionTesxt @ person:Text

personigeneralfppearanceDescriptionText @ persomText

personjevvelryDescriptionText @ person:Text

personiskinTone @ [0..]

A Person’s ‘Appearance Details’ will be needed for criminal
Investigations.
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Py NIEM JXDM Complex

<xsd:complexType name="CrashType"=
<xsd annotation=
<xsddocumentation=4 data type for a traffic aci
<xsd appinfos
<i:Base iname="Drivinglncident Type "=
=<fisd:appinfo=
<fxsd:annotation=
<xsd:complexContents
<xszd extension base="j:DrvinglncidentType">
<ysd:gequence=
<xsd:element ref="]:CrashServiceCall" minOcours="0" maxDccurs="unbounded"s=
<xsd elerment ref="j: CrashFirstHarmfulEvertCode" minOcburs="0" max Lo zurs="unbounde
<ssd:element ref="j:CrashFirstHarmfulEventLocationCode" iinCccurs="0" maxDccurs="unboun
<xsd:element ref="j:CrashiannerCode” minCccurs="0" maxcours="unbounded"/>
<xsd:element ref="|:CrashinfarmationSource” minOccurs="0" myxOccurs="unbounded"f>
<xsd:element ref="j:CrashWeatherConditionCade" minOccurs="0\maxOccurs="unbounded"/>
<xsd elerment ref="j: CrashLightConditionCode” minQoours="0" maxcours="unbounded"/>
<isd:element ref="]:CrashRoadSufaceConditionCode” minDcours="0 maxOccurs="unbounded" /=

ent. <fxsd:documentation=

<xsd:element ref="j:CrashJunctionRelationCode” minOccurs="0" maxOccuke="unbounded"/=
<xsd:element ref="]:CrashSchoolBusRelatedCode” minOccurs="0" maxOccukg="unbounded"/>
<xsd:element ref="j:CrashWarkZone" minOccurs="0" maxOccurs="unbounded{>
<xsd elerment ref="]: Crashvehicle” minQcours="0" maxOccurs="unbounded"/=
<xsd elerment ref="j: CrashMontotorist” minCccurs="0" maxOccurs="unbounded"/
<sd:element ref="j:CrashPerson” minOccurs="0" maxOccurs="unbounded"/>
<xsd:element ref="j:CrashLocation” minOccurs="0" maxOccurs="unbounded"/=
<fxsd sequences
<fxsd extension>
<fxsd:complexContent>
<fusdcomplexTypes

<wsd:element name="Crash" type="j:CrashType" nillable="true"=
=x=d annotation=
<xsd:documentation=A traffic accident. </xsd: documentation=
=fusd annotation:=

<fwad:element=

© Copyright 2011 TopQuadrant Inc.

<ssd:element ref="j:CrashEnvironmentContributingCircurnstancesCode \minOccurs="0" maxOccurs="unbounded"f=
=xsd:element ref="]:CrashRoadContributingCircumstancesCode” minDcclys="0" maxOccurs="unbounded"/>

pe Example

DwivingIncident
[ hasCOrivingaccident Severity @ DrivingAocident Severicy
[ hasCrivingIncident My ¢ DrivingIncidenkChy
M hasOrivinglncidentCallisionIndicakor ¢ xsd1iBoolean
[ hasDrivingIncidentDriverowner shipindicator ¢ xsd1:Boolean

M hasDrivingIncidentFemalePassengerquantity Text  core:Text
M hasCrivingIncidentHazMat © DrivingIncidentHazMat

[ hasDrivingIncidentJurisdickion @ core: Jurisdiction

[ hasDrivingIncidentLaserDetectionIndicator : xsd1:Boolean
[ hiasDrivingIncidentLegalspeedRate @ coreiMeasure

M hasOrivinglncidentLocatorReferenceldentification @ coretIdentification
M hasDrivingIncidentMalePassengerQuantity Text + coresText
M hasCrivingIncidentMobilePhonelndicator @ =sd1:Boolean

M hasDrivingIncidentPassenger @ core:Person

[ hasDrivingIncidentPassengerDescriptionText @ core:Text

(M hasDrivingIncidentPassengerQuantity Text @ core:Text

M hasOrivinglncidentR.adarDetectionIndicator @ xsdl:Boolean
M hasDrivingIncidentRecordedSpeedRate ¢ core:Measure

M hasDrivingIncidentRoadCategoryText © core:Text

M hasDrivingIncidentRoadDescriptionText & core:Text

[ hasDrivingIncident TrafficDescriptionTesxt @ core:Text

(M hastrivingIncidentweatherDescriptionText @ core:Text

Crash

[ hasCrashEryvironmentContributingCircumstancesCode | mmucciCrashEnvironmentContributingCircumstances Code
[ hasCrashFirstHarmfulEventCode t mmucc: CrashFirstHarmfulEventCode

M hasCrashFirstHarmfulEventlocationCode © mmucc: CrashFirstHarmfulEventLocationCode

M hasCrashinformationSource © CrashinformationSource

M hasCrashJunctionRelationCode @ mmuce: CrashJunctionRelationCode

M hasCrashlightConditionCode ¢ mmucc:CrashLight ConditionCode

(M hasCrashLocation @ coreiLocation

(M hasCrashMannerCode @ mmucc CrashManner Code

M hasCrashiMonMakarist ¢ CrashMonMatorist

M hasCrashPerson @ CrashPerson

[ hasCrashRoadContributingCircumstancesCode @ mmucc: CrashRoadConkributingCircumstancesCode
MW hasCrashRoadSurfaceConditionCode : mmuce: CrashRoadsurfaceConditionCode

M hasCrashSchoolBusRelatedCode | mmuce: CrashSchoaolBusRelatedCode

[ hasCrashServiceCall @ ServiceCall

[ hasCrashvehicle @ Crashiehicle

M hasCrashWeatherConditionCode + mmucc:CrashWeatherConditionCode

M hasCrashWwarkZone @ CrashiorkZone

rdfs:comment = & data bype For atr.,..

tdfs: camment = & traffic accident. Slide 46
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9.

3 OFE-cov

Ontologies for e-Government

What is 0eGOV?

0eGOV is making and publishing W3C OWL ontologies for eGovernment. This initiative is born out of the idea: "Use small OWL
ontologies to model recovery and deploy across all government” posted at ThelNationalDialogue. org and Tim Berners-Lee's vision of

"Linked Open Data”.

The blog for 0eGOV is www.oegov.us/blog

Why build ontologies for eGovernment?

By having ontologies for eGovernment we enable:

. distributed creation and maintenance of information on data, about where it is used, and the government data itself;

. standardization of neutral models for data exchange and transformation;

. aggregation of data through the use of ROF/OWL formats;

. interpretation of data through precise semantics and controlled vocabularies, including geospatial and temporal aspects;
. navigation over who is publishing what in what format;

. provenance and trust in the sources of data;

. correlations and comparisons of data;

. accountability of the political process with policy making;

. transparency of government efficiencies and effectiveness;

. citizen awareness and appreciation of government initiatives.

WWW.0egov.org
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9.

2010
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NASA Work on Telemetry, Messaging and
Commanding (TMC) of Space Vehicles and
Systems for Space Interoperability

\
\
A Y .
by ehicle
\
\

ESA
Vehicle




TMC - Paradigms

Manned

Fixed Re-configurable Dynamic

Unmanned

Programmable Autonomous

Telemetry
& Telecommand
Processor

Simple .
Spacecraft_ - -~

@ Spacecrafi-to-Spacecraft
g e

S/C Hardware

Complex
I

Spacecraft |

(S/C) \ s
/ Intelligent

Instruments

& Spacecraft
Subsystems

Onboard-system-to-Onboard-system

NASA Vehicle

ESA Vehicle
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TMC - a Choice of Paradigms

Fixed Re-configurable Dynamic Programmable Autonomous
T&C is static T&C can be T&C can be T&C systems are || Space systems
with all changed for changed during smart and can are capable of
measurements, each mission each flight by be instructed to making their
messages and and/or flight uploading do event own decisions
commands pre- before launch commands and monitoring, using agent-
configured at telemetry packet | | tasks, journaling based

design time

Manned

<— APOLLO —p

<€—— SHUTTLE —

<

definitions and other jobs technologies
on-demand.
Unmanned
<4—— MARS Rovers —P
<4¢— MSL >

<4— ARES, ORION —»

<

Future Space Systems

ISS =—————> <€4— MEX, VEX, Rosetta —P

<4— Proba-2, Aeolus —p»

>
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Space Interoperability Scenario 1:
Proximity Operations Between 2 Space Vehicles

@ Reply 2: Proximity Operations Telemetry active

Proximity
@Operations ,
. Telemetry AN
. Iy = B
{ o (1 3:
: ' QReply 1: Yes

— e
Command 1:

Local Data Data Can we Ttemperate Data Local Data
Buffer Processing | at'evel 4 Processing Buffer

(-)

Command 2:
Turn on Proximity
Operations telemetry

()

Packets
Processed Processed Flight
Flight Data Data Repository
Repository ——— S —

~ 'y =
Space Interoperability Framewcrk s--=g--- =2
52



& NASA TCMX: Ontology-Based
Telemetry, Commands and Messaging

Q

Types >> Instances )> Qualification >> Packaging Workflow

TCM-T

Telemetry, i
Command, defines types for
etc. types i

_

System, Vehicle, or Subsystem

TCM-I
Telemetry, i selected for
Packets, packaging
o qualified by Ontology and
Commands
S 2 Schema
ICHR0 Components
references controlled
terms and code-lists Phase, — Provide criteri
Access, for packaging]
Criticality, N

Sampling
references controlled e TC M - P
terms and code-lists

Packaging
references controlled

terms and code-lists

references controlled
terms and code-lists

~

NASA Controlled Vocabularies

QUDT - Quantities, Units, Dimensions and Data Types
Mission Phases

Access Groups

Hardware Criticality

N J
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Generating XML Schemas and Controlled
Vocabularies

Instantiation

XML
Document

o
Q@

. or _
Transformation
XML W3C XML :\)ﬁ
SchemaPlus Schemas Instantiation
|
\Q _ N ﬁ Structural Validation
SemanrXic Validation
~
Transiermation /
XML Standard
OWL Models || \ > Vocabularies <
/, Semantic Validgtion
_________________________________________________________ :______________ A
T GRDDL XSLT
Going from XML to OWL Generator

\ 20
( XSLT
L Processor

Ref: XML SchemaPlus — http://www.xspl.us



TCMX - Generating XML Schemas and Vocabularies

from OWL Models for Space Systems Interoperability
4

4 R )
Modular OWL | @) XML SchemaPlus | @, | XML Schema
o (XSP) L )
Specification XSLT <
Models XML -
\ J | Vocabularies |

Modular TCMx, QUDT
and System Ontologies
are transformed through
annotations to an
intermediate language
XSP for controlling the
XML Schema Generation

TopBraid Composer

SPARQL Rules

XMLSchemaPlus (XSP) is an
XML Dialect for specifying how
an XML Schema should look.
An XSLT script ensures
compliance with XML Naming
and Design Rules

XML Schemas use
controlled vocabularies to
ensure semantic
consistency of referenced
concepts such as units of
measure, quantities and
codelists.

Altova XMLSpy

References: QUDT - http://www.qudt.org , XSP - http://www.xspl.us  Slide 55
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TCMX Ontology Architecture builds of Nash
System SBFI and QUDT Ontologies ‘@&

T temp < | Telemetry and Command
Packaging

o
Q@

Telemetry Parameter and \
Command Qualifications

Telemetry Parameter and \
Command Types XM T

e/
System Ontology - Tl X /— TCM Foundation

Functional Aspect (af)

owlyrmpd .@i —
[ =3 dimenzonviin | W‘ 4 —-____| Mission Ontology

Vil ke :*H_--—"

n“"!&é“s 1A owl:im ?Q 'mP':'rtsc'wI:immm;imp.;. n:nwl:ir'n
[ = unit-vl00 | I'i [ =3 systern-af-11 ﬂ =1 type [ =% rission | [ =1 comms
?\_\ H & = — =
BT

_1 / Telemetry Parameter and
Tt Command Instances

. iy -‘-‘ﬁ'ﬁ"‘i& Limparts i
ol f ':'--'! '-T.!!u-'!" = e "‘ﬁ ﬂlﬁfﬁ?‘- e ) annels i ks
| a] quantity-w1.0.0 | H‘{Fﬂ‘ nrts | «? system-as ) f,, riports
o N >

o | ‘HE:-‘, =
«3 qudt-v1.0.0

whimports
[ =3termporal |

System Ontology -
Structural Aspect (as)
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How Semantic Web Technologies help
“Connect the Dots”

¢
<

Q They capture, align and resolve the data semantics

of different data sources through:

> Flexibility of the RDF data model and
» Rich modeling formalisms of OWL and
> A standards-based approach

';’
Q

\ I

% > 5 ‘452”
= | d
Convert spriadsheet to RDF ... Conwvert XMLto RDF
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0:0 Different Reasons to “Connect the Dots”

1) 360 Degrees View

More about the same thing

2) Transitive Connections

What is linked to a thing of
Interest

3) Information Discovery

Find things that share common
attributes or relationships
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Ingest> Normalize> Explicate> Decide > Act
.N.E.D.A.

— == —— o

[

Convert spreadshest to ROF ..

SRS

Crnamseorad

Life Cycle of a Conflict

fet

Hasbesars

Convert XMLto RDF

WA

rasssTed

Cornasena) Fosestan7) - GBI
R 293081481 53
Lemearnz

[

Sesiazs

Convert spreadsheet to RDF .. g2 |
SHime General (science, 2 abs(res)
ral\%wm, diet, places, §8 -0
etc. -4 -
Wy T — -z
» - -0
T = | - | __E
“The - o
Convert XMLto RDF £ _ : as i oo Vikse Conise A Steegyor Psvive Dipaacy, by Mihad S Lt (LSTP P 99

i . )

g2 2k n

S - L 2= "

7

Import jamestown news feed

Music (grunge) ® 3%

N
|
P

Import EMails.

)

Import oracle RDFDatabase
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% Terrorism Information

Militant Tribe

<+——Isa
contracts

Daulatzai
Is alliedjwith Subtribe

Insight

3 elder of
elder of %
(3
®
. -
Yasir o, '
Ahmed f Aziz Hamdi
has child

has child

KNOWS Mustafa
f Hussein
Abdi Mekhamdi

Shahram Aziz

spouse
Fatima Yasir

)|
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Q:Q Creating the DEMO Terrorist Database Content

Dept. of State
Wanted List : to RDF ...

OWL provides
the 360° view

SPARQL Rules
Conversion to
OWL Graphs

South Asia
Terrorist Portal

H & terrorism:ABU_MUSSAB_AL-ZARQAWI -\
Tr aC kl n g Th e terrorism:briefDescription = Abu Musab al-Zargawi... /ﬂ
| 5 terrorism:diedOn = 2006-06-7
Th reat Convert spreadsheet to RDF .. ¥ terrerism:historicalNote = In September 2005, h... ‘-ﬁ_ >
E terrarismihistoricalMNote = Zargawi was killed o.., '\-\_:
] rdfs:label = Abu Mussab al-Zargaw... 1 .
.
L terrerismiundeterminédBloodRelationOf
Convert spreadsheet to RDF ..
terrorism:hasAffiliationRelations & terrorismiTFR_ABDUL_HADI_DAGHLAS
= '] rdfs:label = TFR Abdul Hadi Daghl...

& terrorism: TAR_ABU_MUSSAB_AL-ZARQAWI
Convert spreadsheet to RDF ... rdfs:label = Abu Mussab al-Zargaw...

terrorism:hasFpmilyRelations

terrorism:super

Global Terrorist

I & terrorism:ABDUL_HADI_DAGHLAS
Dat ab aS e c it dshect to RDE terrorism:pnemberOf terrerism:briefDescription = On the second day of..

Onver spreadsnectto B - 4 rdfslabel = Abdul Hadi Daghlas

™,

. . ™~
U n I ted N atl O n S @ terrorism:AL_QAEDA \\
. . 1 terrorism:alternativespelling = al-Qaeda ™,
(CO n SOI Id ated | I St) Convert XMLto RDF il terrorism:briefDescription = Established by Usama... terrcri:m:h‘c\ateclln
M terrori sm:hasActivity = Plotted to carry out.. terrorism:locatedin \\

tﬂ terrorism:hasExternalfid = Bin Ladin, son of a ...
tﬂ terrorism:hasLocation = Al-Qaida has a world...
M terrorism:hasMame = al-Qaida

Militant

™,
& terrorismilrag |
rdfsilabel = Iragen - untry

Id eo I O Atl aS Ml terrorism:hasStrength = May have several hun...
g y Convert XMLto RDF E gainormalizedMame = AL-QAIDA & terrorismiKhurmal_Training_Camp
W rdfs:label = al-Qaida ' rdfslabel = Khurmal Training Cam...

Demo “INEDA”
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0:0 Ontology-Driven Service-Oriented Architecture

1995 1998 2001 2004 2007 2010

JINI 3 N
CORBA/COM SOAP WSDL WS-+ REST The “CLOUD
OWL-S Linked Open Data

-

Ontology-Driven SOA
- Y
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9.

) Notifications and Alerts
SOA Runtime Data/Network
Management Support Services

Security
Policy

S -

urveillance
Information
Management
Incident Detection
And Response
Data Acquisition Services Services

urveillance urveillan Business
Data inui
e Data Continuity
anagemen Acquisition Management

Enterprise Services Management Other/Not in

Policy Services Segment
Enforcement and Provisioning
Metric Collection

Collaboration Services

Content Management Services

Messaging
Services

SOA Strategic
Governance

Interface Management Security Services

Instant White
Messaging Board

Terrestrial

Network Air/Ground

Boundary

Protetion - icati
(o] Communication Communications

Training
Support

Source: System Wide Information Management”, Eurocontrol AP4 Team, Ahmad Usmani, SWIM Program Manager December 2009
Ref: SWIM — http://www.swim.gov
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e Using SKOS to represent NASEAF SV4

NAS Enterprise Services
SKOS - Simple Knowledge Organization System

Mission Services

[ v H Trajectory Jll"llghtmdSm [(_m_m ] :Eu::p;tie;n : Léﬁa;e:;n
Ianagement Munagement Duta Manupement Wi eney Managerment ) |\ Management

Ontology Editor

Support Management

Navigation ] { Safiety ]

System Aeromautical Weather ( Surveillance
[ Services Information Information Informarion
M ent | Management

TopBraid - sw‘t.naseaf.org.i’nasfl.D‘Dfowb"soa—(\l—vl.[)w - TopBraid ComposeP ME - a w ' =L |
. - . - . ™ .
File Edit Mavigate Project Model Inference Scripts  Resource  “Window  Help Trl p I eS

|| &7 #® | s03:ContentManagementSenices A QK ! r [T -

5 (8 Topbiaid ) 2 Resource - soa:MissionServices

B Nawig.. | T8 Prope.. | T2 Classes 22 | 8 skosi. | = O | [a] soa-(1-v10)4 &2

%1 € | Rosource Form —— a  soa:ServiceGroup ;
rdfResource (AN) Narme: [ronContenthianagsmentSenice = rdfs:label "Mission services"Vxsd:string ;
owl:alDifferent —
owl:Thing (106} ~ Annotations Soadependson
50:‘:;':\::0::;:30"7 rdfs:z:::ntvmanagementserwces = : Sannterp“SEGovernance ’
ey - Other Properties soa:AdministrativeServices ,
sonservice oo = soa:SupportServices;
soa:ServiceGroup (106) soaervice &
skosiConceptScheme ‘sUa:AerUnaut\caIDataManagement = Skosnarrower
rdf:Prape (173 ‘soa: ontentDiscove = H
rdf:Statir::nt ’sna::uNteil\'azzceDatari‘danagement V SoaFlIghtandStateDataManagement 1
o €7 #lsoaweatherDatabanagement - soa:WeatherInformationManagement ,
rdf:type = q
soaSenicetrous ¥ . soa:SystemAndServicesManagement ,
sostroninih - x soa:SeparationManagement ,
orrm | Graph | Source Code s
=T CDBEDRE TR TR soa:LongTermCapacityManagement ,
¢ Bwx~ soa:FlowContingencyManagement ,
[ dftype s - soa:SafetyManagement ,
soaBoundaryProtetion soalervice..  Bou[Z 0
0soa:Businessr}(r;m;ntu\tyManagement soadervice.,  Bus 3 SoaShortTermCapaCItyManagement y
poser it soa:AeronauticallnformationManagement ,
& soaComputingPlatform soadervice.,  Cor SoaNaV|gat|onSUpport ,
# soaContentDiscovery somService,,  Cor 5 a
o soaContentManagementServices soatService.,,  Cor Soa.SyStemAndSGerCGSAn&lySlS y
# snaDatalboquisition Services soadervice..  Dat . H 1
’sUa:DataAnzNet\/\rDrkSuppurtSeNices soaidervice.,  Dat Soa'Survel"ancelnformatlonManagement '
@ soaDataStorage somlervice.,  Dat: Soa.TraJeCtOryManagement .
# snaDatahasefdminSerices soadervice..  Dat
- L 2 soaiEnterpriseGovernance soaidervice.,  Ente -
& E A (] m 3
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NASEAF SV4 NAS Enterprise Services

0‘ _
Ontology Views

& s03:MASEAF-Sv4-NAS-EnterpriseServices

]

& somMissionServices

soaiNASELR-SW4-NAS-Enterprise Sepsices
& soa:fdministrativeServices

# soa:DatafndMNetworkSupportServices
& somServicesProvisioninghanagernent

& soxEnterpriseGovernance
# soaS0ARuntimebanagement
# s0a:S0AStrate gicGovernance
o¥ soaMissionServices

: SoadependsOn e

[ # soaEnterpri emance |
soa: deper\ds
soaidependsOn

[ & somddrinistrativeServices

soaidependsOn
& soateronauticallnfor
soaiFlightandstateData

soaTechnicallnfrastructureServices

soailongTermCapacitybanage
soa:MavigationSupport
soasafetybanagement

soaiseparationhanagerment

& soa:Surveillancelnformationhanagement |

soaishortTermCapacityManagerment

soaisurveillancelnformationManagerment

¥ soalongTermCapacityManagement

soaSysterndndServicesAnalysis

@ soaTrajectoryManagernent |

soarssternAndiervicesManagerment
soaiTrajectonybdanagement

@ soaFlowContingencyManagement

soafeatherlnformationbdanagement
o S0AC oreSerdices
soa:CollaborationServices

skospfarpdwer,

* o

# soafFlightandStateDataManagement |

soaEnterpriseSerdicestanagerment

& soa:SysterndndServicesAnalysis

soadnterfaceManagernent

SkOsinarrouer

& s05:SystemAndServiceshanagement |

soaibdessagingSensices

000 0: 000000000000

soaisecuribySendces

*

oatSupportiersices

& soaContenthanagementServices

& soaDatalcquisitionServices
& soaTechnicallnfrastructureServices
# soa:firfndGroundCommunications

@ s0a:SeparationManagement |

# soa:BoundanProtetion

& soaComputingPlatform

& soa:SafetyManagement |
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(3) Semantically Enhanced Discovery of Datasets
‘Q‘ from NextGen - NNEW!

. WCS
MIT Lincoln Laboratory Dataset: air_temperature

ebXML Registry/Repository

Ontology Temperat wes |"IB
_ /' Editor -' < I

A

I

Service
Provider

e 5 <\ Dataset: temperatureAir
AmbientTemperature .
Domain Expert | Ontology : || BRLED
- |
Mapper same as { {t_temperatureAir < 1
temperatureAir [Surface Air Temperaturé_J ervice

Dataset: Provider

c! \ - o surface_air_temperature
: : ' SPARQY T WCS
Architect Editor

Query |
Engine l surface_air_temperature < | L

1 Service

Provider
Service Discovery
| P ||/Client

Service Consumer

isa hasSubstance JMBL

Il

Source: NextGen Network-Enabled Weather (NNEW), Oliver Newell, 2008

INNEW — NextGen Network Enabled Weather
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0:0 RDF/OWL Based Web Services

WEB Service Class \\

| W SeRdiCe
‘[- wesireply DuvsiReply

W wvsirequest wesiRequest[1.1]

SPARQL WEB Service \\ /7 V\

| wis SPARQL Service | wisiRDFService
I wvsireply s wes: SPARQLReply [ wvsireply LwesStatementReply
[ vsirequest s ws SPARDLRequest[1.1] [ wvsirequest s StatermentRequest[1.1]

| wes SPARCILRequest sirepily wssirequest [1., 1"| wesStaternentRequest

4_.' [ wesistaternent @ rdfiStatement
wes:Reply

‘[- wsiquery  spiQuery[1.1]
I- wsiresponseTo bwsiRequest[1.1] q\\/
.reply/ \ wisireply
| s SPARGL Reply wys:StatementReply

|I- wesistaternent | rdfiStaternent *}p‘ wesistaternent : rdf: Staterment

SPARQL REPLY Triples RDF REPLY Triples

SPARQL REQUEST Triples

RDF REQUEST Triples
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0:0 Implementing Web Services in SPARQL

= Web service calls to SPARQL-Based scripts
— URL embedded in any HTML or application

lhttp://Iocthost:8083/tbI/actions;?action:Sparqlmotion&id:‘FindByCaIIingCode'x?ﬁcaIIingCode:61l

1 |
Live skrver URL a _
.____,/"I Function name parameters
. Argument sp:callingCode :
Get parameters | O callingCod
"'I!‘;'Q)\'L

Eﬁ Import Data

Impart RDFModel =

ﬁ @?! ‘ Get linked data

from DBPedia

-
GCet info from DEPedia —
Get |SP Template |

& text

N Create text from
Generate te;:t with |5P JSP tem plate
L text
5"!'1"}12)\'[
&) text
@ return text
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g Converting a SPARQLMotion Script to

Q@

Selected Resource sml:selectedResource

L\__}_} selectedResource

Import current RDF [sm2wsdl:ImportCurrentRDF]

smyffext

uF

=
e

Create UISPINDocument 1

smyfrext
ML

Return XML 1

© Copyright 2011 TopQuadrant Inc.

WSDL (1 of 2)

uizprototype
IB <description= =
<interface name="RESTfullnterface”=
coperation name="Get"=
<ul:forEach ul:resultSet="{#
SELECT ?arg
WHERE {
ffunction spin:constraint Farg .
|
csmwsdl: Input sm2wsdl:arg="{= %arg }"/=
</ul:forEach=
</operation=
</interface=
</description=

<description>
<interface name="getWSDL-RESTfullnterface">
<operation name="getWSDL" pattern="http://www.w3.0rg/2003/11/wsdl/in-out">
<input messagelabel="selectedResource" type="xsd:anyURI"/>
<output type="rdf:XMLLiteral"/>
</operation>
</interface>
<binding interface="getWSDL-RESTfullnterface" name="getWSDL-HTTPBinding"
type="http://www.w3.org/ns/wsdl/http">
<operation method="GET" ref="getWSDL"/>
</binding>
<service name="getWSDL-Service">
<documentation>Takes a SM function as (selected) argument and generates a WSDL
(XML) document for it.</documentation>
<endpoint address="http://localhost:8083/tbl/sparglmotion?id=getWSDL"
binding="getWSDL-HTTPBInding" name="getWSDL-HTTPEndpoint"/>
</service>
</description>
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http://www.w3.org/ns/wsdl/http
http://localhost:8083/tbl/sparqlmotion?id=getWSDL

g Converting a SPARQLMotion Script to
WSDL - (2 of 2)

Q

<wsdl:description xmIns:whttp="http://www.w3.org/ns/wsdl/http" xmins:wsdl="http://www.w3.org/ns/wsdl">

<wsdl:interface wsdl:name="getW SDL-RESTfullnterface">
<wsdl:operation wsdl:name="getWSDL" wsdl:pattern="http://www.w3.0rg/2003/11/wsdl/in-out">
<wsdl:input wsdl:messagelLabel="selectedResource" wsdl:type="xsd:anyURI"/>
<wsdl:output wsdl:type="rdf: XMLLiteral"/>
</wsdl:operation>
</wsdl:interface>
<wsdl:binding wsdl:interface="getW SDL-RESTfullnterface" wsdl:name="getW SDL-HTTPBinding"
wsdl:type="http://www.w3.org/ns/wsdl/http">
<wsdl:operation whttp:method="GET" wsdl:ref="getWSDL"/>
</wsdl:binding>
<wsdl:service wsdl:name="getWSDL-Service">
<wsdl:documentation>Takes a SM function as (selected) argument and generates a WSDL (XML)
document for it.</wsdl:documentation>
<wsdl:endpoint wsdl:address="http://localhost:8083/tbl/sparglmotion?id=getWSDL"
wsdl:binding="getWSDL-HTTPBinding" wsdl:name="getWSDL-HTTPEndpoint"/>

</wsdl:service>

</wsdl:description>
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e 2011 - Helping People Make Sense of
Semantic Web Technologies

Q@

Human Machine
| ] Capability Cases
Semantic-Enabled Competency Network Se?gztlc e
I
Ontology Driven Information Retriever .
| Sem_an_tlc
Context-Aware Retriever Mediation
> Concept-Based Search Semantic Data
) Integrator
; E Semantic Multi-Faceted Search
| -
v O ] | Semantic Data
) LL Recommender Semantic Workplace Registry
I
$ Semantic-Enabled Communities
| - i .
Q Generative Documentation Information Aggregator
|_>|J< Connection and Pattern Explorer
u Faceted Search Application Integrator -
qv] Answer 5
- Engine \ﬁ
= |
E Navigational WEB 2.0 VAN
- Search Mashups Take A’Wﬂdf

© Copyright 2011 TopQuadrant Inc. Slide 71


http://www.amazon.com/exec/obidos/tg/detail/-/0321205766/qid=1122653418/sr=8-1/ref=pd_bbs_1/104-2961096-8219145

TopQuadrant™

0:0 DoD BEA 360 - Solution Concept

Sources

\\)

M&S
Tools

$

Federal,

Coalition,
and other EA
exchanges

API

%

Analysis
Software

[ Adaptor(s)
—

4

Service API

Authoritative I
Data
Sources OWL Models Controlled

Vocabularies
AT L
EA =) % oo

DBMS’ SS

Import
SPARQL End
Point

d

Query Broker

API

Controlled

Mapping Rules ~1_ Vocabularies =5
Reporting @ Models

Tools and
Formats

API

EA/ITA
Tools

$
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g DoD BMA BEA Explorer —
a TopBraid Ensemble Demonstrator

8 Operational Activities Explorer = | B EZ
< [ » | [ + | http://localnost:2083/tbl/app/BEA/user- applications/BEA:201.n3/-/BEA/OWL/OAG_bea-all ttl# ¢ | | Q- FEARMO ontologies o O~ %~
[10 & Haskell ™ Apple Yahoo! Google Maps YouTube Wikipedia Popular™
- CRpCA Save A S Data =
Operational Activities Explorer gusdona]) iSauaDatagl| Jufl ckef) 4% - Q
Visual Query Search
Operational Activities | 2/ 39 #. | Description
v Manage The Department Of Defense Business Mission (8) The development and issuing of courses of action over specified time periods that represent a projected appropriation
> Execute DoD Acquisition (3) and allocation of logistics resources and capacity to meet projected requirements in carrying out the movement and | _
» Execute The DoD Decision Support System (3) maintenance of forces. This activity balances strategic objectives and available resources against anticipated =

demand and historical performance. The output is functional logistics business plans that guide execution of supply

¥ Manage Property And Materiel (6) . o
chain activities.

» Conduct Logistics Business Planning (4)

41

» Deliver Property And Forces (6) Data Inp... Load Al @ | From Activi... Load All @
» Dispose Or Return Property And Materiel (4) Loaded 8 results Loaded 10 results
» Perform Asset Accountability (3) dataObject fromOpNode activity % =

Perform Build And Make And Maintenance And Sustainment | & | Deliver Plan | MSSM @ | Conduct Logistics Business Planning B
Perform Installations Support % | Contract Modif{ MSSM @ | Process Supplier Information :
v Monitor Performance Of The Department Of Defense Business b | | Awarded Cont) MSSM % | Process Other Government Agency Information s
v Perform Executive Cost Performance Management (2) # | Acknowledged| MSSM # | Process GSA Information
Define Cost Performance Model @ | Approved Sour] M55M # | Establish Sourcing Vehicle
Perform Cost Performance Analysis # | Return Plan MSSM # | Manage Acquisition Business Functional Areas
Populate Cost Performance Model @ | Supply Plan MSSM # | Manage Request And Sourcing Strategy
(] perform Executive Management # | Contract Or Or| MSSM # | Conduct Sourcing =
» Perform Environment Safety And Occupational Health Service (| | 4| |* ?. - - T | ._
» Perform Financial Management (4) S ————— S ————
» Perform Human Resources Management (9) Data Outp... Load Al @ | To Activit... Lead Al @
» Provide Information Management Services (2) Lozded 3 resuits Loaded 6 results —
dataObject toOpNode activity =
% | Return Plan MS5M # | Dispose Or Return Property And Materiel E
f # | Supply Plan MSSM # | Conduct Logistics Business Planning i
— - % | Deliver Plan | M55M % | authorize Return Or Disposal
Activity Details - - —|
# | Identify And Reserve Supply Chain Resources Ad
alll | i I ey
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< 2011

Linked

Models Q U DT

Home Page

QUDT (Quantities, Units, Dimensions, and Types) Ontologies and vocabularies, and generated X5D schemas
and XML Vocabularies, were developed for the NASA Exploration Initiatives Ontology Models (NExIOM) project
as a foundational part of a comprehensive Information Architecture for NASA's Constellation Program. This
effort was led by TopQuadrant working with NASA Ames Research Center (ARC). The goals of the QUDT
ontologies are to provide a unified reusable model of measurable quantities, units for measuring different kinds
of quantities, the numerical values of quantities in different units of measure, and the data structures and data
types used to store and manipulate these objects in software.

QUDT is intended to provide a set of information models and vocabularies for standar@zing units of measure,
quantities and data types for the purpose of data interoperability and metadata management in linked data and
semantic web infrastructures. Not all applications of QUDT will require a full dimensional treatment of units. For
this reason, there is a vocabulary graph for a basic treatment of units, '‘QUDT Unit' | and another graph, '‘QUDT
Dimensional Units' | for the full treatment.

QUDT Collection Metadata

The following metadata values are set on this collection:
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o
Q@

2011

Subject | Quantities, Units, Dimensions and Types

Intent QUODT is intended to provide a set of information models and vocabularies for standardizing units of measure,
quantities and data types for the purpose of data interoperability and metadata management in linked data and
semantic web infrastructures. Mot all applications of QUDT will require a full dimensional treatment of units. For this
reason, there is a vocabulary graph for a basic treatment of units, 'QUDT Unit' , and another graph, 'QUDT
Dimensional Units' , for the full treatment.

Rights The QUDT Ontologies are issued under a Creative Commons Attribution Share Alike 2.0 United States License.
Attribution should be made to NASA Ames Research Center and TopQuadrant, Inc.

Created (2011-01-21T10:00:00 b

Last 2011-04-09 21:19:57 -0700 (Sat, 09 Apr 2011)

Changed

Version 1.1

Owner qudt.org

Collection | http:/fwww.qudt.org

Graph

Home

Page

© Copyright 2011 TopQuadrant Inc.
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o
Q@

QUDT Content

2011

The QUDT content is made up of schemas and vocabularies. In the table of contents, both schemas and
vocabularies are listed. The table is ordered on the 'role’ of the ontology. All vocabularies have a hyphenated
name starting either with 'qudt’ or a name that denotes the source. For example, the NIST constants vocabulary

starts with 'nist’.

The following schemas and vocabularies make up this collection. In the first column of the table, for each
ontology graph, there are links that take you to HTML documentation and a source file in N3/Turtle format.

Ontology Subject Role Namespace Description
{ Documentation)
Linked Model Core Linked Schema mac The LinkedModel Core Ontology, prefix mc,
Models graph provides a foundation ontology for commonly
Documentation: HTML Foundation needed metadata on ontologies as well as
Source: M3Turtle Ontology

concepts and prnp»ﬁrties that are of general
applicability. The metadata provided includes
support for licensing rights, accreditation and
other provenance properties. The concepts that
are commonly used in ontologies are
'mc:Category’, 'mc:Entity’, 'mc:Enumeratedvalue
and 'mc:Enumeration’. LinkedModel Core makes
use of the Creative Commons RDF model.

Other Imported Graphs: dc

Last Changed: 2011-04-10 03:07:58 -0700 (Sun, 10 Apr 2011)

© Copyright 2011 TopQuadrant Inc.
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< 2011

QUDT Dimension Ontology Quantities, | Schema dimension QUDT, or the 'Quantity, Unit, Dimension and
Units, and |graph Types' ontology defines the base classes
Documentation: HTML Dimensions properties, and restrictions used for modeling
Source: N3 Turtle physical guantities, units of measure, and their

dimensions in various measurement systems. In
physics and science, dimensional analysis is a
tool to find or check relations among physical
guantities by using their dimensions. The
dimension of a physical quantity is the
combination of the basic physical dimensions
(usually mass, length, time, electric charge, and
temperature) which describe it; for example,
speed has the dimension length / time, and may
be measured in meters per second, miles per
hour, or other units.

Imported Schemas: mc, gudt
Other Imported %raphs: dc
Last Changed: 2011-04-02 21:17:50 -0700 (Sat, 02 Apr 2011}

QuUDT Quantities, |Schema gudt The QUDT, or guantity-unit-dimension-type
Units, and | graph ontology defines the base classes properties,
Documentation: HTMIL Dimensions and restrictions used for modeling physical
Source: N3/ Turtle guantities, units of measure, and their

dimensions in various measurement systems.

Imported Schemas: mc
Other Imported Graphs: dec, skos
Last Changed: 2011-04-05 21:19:57 -0700 (Sat, 09 Apr 2011}

This work is licensed under a Creative Commons Aftribution-Share Alike 3.0 United States License.

Attribution to @ TopQuadrant™

MASA Ames Research Center and

&5 TopBraid Suite”

-

Al

TopQuadrant, Inc.
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9.

Linked
Models

QUDT-MC-TEST

Summary

Linked Model Core

Linked Model Core is a Schema graph ontology and uses the namespace
“htrp:/fwww linkedmodel org/owl/schema/core ™ ~xsd: string and the prefix mc for all internally
defined resources.

Linked Models Foundation Ontology

2011-01-21T10:00:00

$Id: O5G_linkedmodel-core-(v1.1).ttl 4683 2011-04-03

: 09Z RalphHodgson §
http:/fwww.linkedmadel.arg/care/1.1/owl/schema/05G linkedmadel-
core-(v1.1}.ttl

Dverview

Covemance Event
Covemance Process

Covemance Role
Covemed Details

G wemanse is about the status tracking and processes that nesd to
o ist on il fion objects and L fora iinitiaitve,
[mizzion, program, o project. Such governance nesds to outline the

ips berween all intennal and external growps involved,
lizscribe the proper flow of i ion regarding to 3l
[ensure the iate review of issues encountered and ensure that
required approvals and direction sre obtained at esch i
tage.

H
H
H
H
H
i Covemance Protorol
H
H
H
H
H
H

mniswkisiumseduﬂuaﬁeaﬁuemﬂmm&mﬂmlﬂ United States
License.

Attribution I NASA Ames Research Center and %" Tpivadna & T s
® TopQuadrant Inc. !
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< 1991-2021

1991 2001 2011 2021

“The One”

EE B B B

Ethernet Web of
. Thi

Timeshare TheWeb Web 3.0 TheC ‘ngs
DARPA Net

Web 4.0

Semantics of Information Connections

Semantics of Social Connections

Source: Radar Networks & Nova Spivack, 2007 - www.radametworks.com

References

[The One] "Kevin Kelly on the next 5,000 days of the Web" - “Web OS”
http://www.ted.com/talks/kevin_kelly on_the next 5000 days of the_ web.html. at 11:23 -
Semantic Web vision - from Linking Pages to Linking Data.

[Web Of Things] Web Architecture Fall 2009 — INFO 290 (CCN 42593), Erik Wilde, UC
Berkeley School of Information, 2009-12-03 -- http://dret.net/lectures/web-fall09/trends#(1)

[Cybermaps ] http://www.december.com/web/text/cyberatlas.html

[The Mesh] Lindsay Lush, gravityshack.com - http://www.gravityshack.com/blog/?cat=60
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Q’Q Early Web (1994) — According to CyberMap Landmarks

-----T------

CyberMap Landmarks 03 Dec 1934 = Searcher or Index Subject Tree

Copyright {c) 1994 John December —= Gateway or Link #¢ Root List

"WAIS space’
Web space .
Finger space % CERN List dir. of servers .
Fingerinf
INgerinto CERN VL

Yahoo
Gopher space mp Galaxy

% MN = Lycos, Crawler

Jewels = cul Catalog
= Veronica !

%%L%%/// Usenet

newsgroups

P %
.A.

Take AWM/
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0:0 According to Nova Spivack ...

HTTP,/"Directory Portals  Wikis SaaR  Social Networking

g P
‘-‘: {’;

8 The WebOS Web 40
= _.-~7 2020 - 2030
8 ey "Intelligent personal agents
g Semantic Web W,eb 3. () Distributed Search
= owL SWRL 010 - 2020 _

@© OpenlD AJAX SPARQL .- Semantic Databases
= P .-~ Semantic Search :

o) RSS ATOM .- Widgets

‘E P2P RDF Office 2.0 Mashups

5 Javascript Flash Web 20 : . . .

(o} SOAP XML i _-" 2000 - 2010 Weblogs  Social Media Sharing

8 World Wide Web HTML

._E

©

=

<)

w

VR ’ . . i
. Keyword Search Lightweight Collaboration
BBS 4 Web 1.0 websites
opher 3990 - 2000
MMQO’s MacQS SQIj,--"éroupware

Desktop WindowsSGM!‘,/" Databases

.-~ File Servers
N PC Era 2 \ﬁ
FTP IRC _--"" 1980 - 1990 : .
USENET .-~ AN

PC’s Flle Systems Tﬂfk& A'Wﬂri/

»
>

Semantics of Social Connections

Source: Radar Networks & Nova Spivack, 2007 — www.radarnetworks.com
SOME RIGHTS RESERVED
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2021 — Helping People put SBFI
L 4

Technologies to Work
Human Machine

Formal

Expressivity

Informal
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0:0 Semantic Technology Adoption

Knowledge/Experience

Adoption

/ 2010

Advocacy

Preference

/ 2008 Appreciation
Enthusiasm

/

CUf'iOSiTY 2006

’ Awareness
Skepticism 2004

2002 Ignorance
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d Immediate Trends

1. Datain RDF
Increase in RDFa use
Preference for OWL-lite
Rules shake-out
“Frictionless” Data

I

Ontology Explosion

Q Future Trends
7. From Data to Apps
8. Composite Apps
9. Internet of Things
10. SBFI on the Web

© Copyright 2011TopQuadrant Inc.

0:0 2011-2021 Trends and Needs

d Needs

1.

9.

Linked Models
Registries

. Governance

URI Standards

. Ontology Design Profiles and

Patterns

. Ontology Architecture
. Ontology Alignment Methods

and Tools

. Ontology Metrics and Reuse

Assessment Methods and Tools
API| Standards

10.Standards for Transforms
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0:0 2011-2021 Outcomes and Challenges

Q Outcomes Q Challenges
1. Accurate Information 1. Vendors
Provisioning 2. System Integrators
2. Frictionless Data 3. Govern ance
Gathering 4. Standards Confusion

3. Compliance Checking
4. Rule Making

© Copyright 2011TopQuadrant Inc.
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0:0 Thank You

Ralph Hodgson

E-mail: rhodgson@topguadrant.com
Presentations: http://www.scribd.com/ralphtq
Twitter: @topquadrant, @ralphtq, @oegovnews

F Ly

Capability Cases Adaptive B i
A Solution Envisioning Approach Informartion and Applications
) Some -
- A= 1 L ¢
References , SEMANTIC WEB for th

WORKING ONTOLOGIST
- [ i DUAN ALLEMANG
: 1IN HEMDLER M
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Vizenor, Lowell
Putting NextGen Ontologies to Work

The Net-Centric Operations Division (NCOD) of the Joint Planning and Development Office
(JPDO) is using Ontology (the explicit formal specifications of the terms in a domain and the
relations among them) and Semantic Web technology to enhance service discoverability,
interoperability and understandability through the use of semantic, machine-interpretable service
descriptions. The NextGen ontologies will be used to specify a precise and reusable terminology
that facilitates information sharing across multiple agencies and communities through the precise
description of the intended meaning of service. This presentation will discuss the overall
approach to the development of NextGen Community of Interest (COIl) ontologies, applications
of these ontologies and, findly, strategies to coordinate and govern COI- driven, ontology
development.
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Net-Centric Operations Division

Putting NextGen
Ontologies to Work

Lowell Vizenor, PhD
Alion Science and Technology

April 12, 2011
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NextGen and Net-Centricity

Mext Generation Air Tranaportation System - - e
Joint Planning =nd %cvclupm:ntgﬂffic: MNet-Centric OpErahgnE Division

As traffic in the National Airspace grows in
volume, the associated information is expected
to grow.

Much of this information comes from multiple
sources, covers a broad range of topics, and
requires manual treatment.

As a result, there is a clear need to modernize
the information environment associated with the
National Airspace.

Users require easy access to the information
they need, as well as the ability to understand
and use this information.




DoD Net-Centric Data Strategy (NCDS)

Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

Net-Centric Operations Division

e NCDS Goals: Data should be:

— Visible — Who has what data available?

—  Accessible — Can | gain access to this data?

— Understandable — What does this data mean?
—  Trusted — Is this data accurate and authoritative for my purposes?

—  Interoperable — Can my application use the data?
—  Responsive to users’ needs — Is the data applicable and timely?

— Institutionalized — What and who governs the definition, lifecycle, and
use of this data?

« DoD Strategies

—  Distributed: Communities of Interest (COI) develop
vocabularies

Q () @ @ % (=) @ ﬁ Page 3of 11




DoD Net-Centric Data Strategy (cont...)

Mext Generation Air Transportation System - - e AT
Joint Planning and %:v:lupm:ntgﬂffi:: NEt—CEnt["C DpErat'ﬂns D'VlE'On

e Community of Interest (COI) Driven Ontology
Development

Figure 4. COI Characteristics

Communlty of Interest: A Tactically driven,
collaborative groups of users who Il:mpIiE:l:l authority, Tactically driven,
. . . ormal processes i i
must exchange information in _ modified for need. —_
. : Expedient Relatively many e
pursuit of their shared goals, __ Many entities
. . . . entities (e.g., Forward deployed JTF
interests, missions, or business (e.g., New Imagery planning New Threat
Analysis capability for Response)
processes and who therefore Damage Assessment)
must have shared vocabulary for Explicitly recognized, | Explicitly or implicitly
: . Longer term, recognized,
the mformatlon they eXChange- More formalized Longer term but
Institutional processes based on priority driven,
span of control, Blended processes
Relatively few entities resulting from
(8.g., PSAs such as agreements
Logistics) (e.g., JS area such as
Battlespace Awareness)
Functional Cross-Functional
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Big Picture
Mext Generation Air Triln:lﬂurbatinn EgéltEm

Joint Planning and Development Office NEt-CE“‘tric DpEr‘a‘tims DiViEiDI’I

e Joint Planning and Development Organization (JPDO) Mission:

Ensure the NextGen transformation is realized by identifying, facilitating and integrating
the activities, commitments and contributions of partner agencies, industry, and other
key stakeholders to achieve the goals and benefits of the Next Generation Air
Transportation System.

e Net-Centric Operations Division (NCOD) Mission:
Manage policies and strategies for information sharing and coordinate investment and
development of network-enhancing capabilities.

e Key attributes for information re-use:
— Understandable — Discoverable — Timely
— Accessible (within security constraints) — Accurate

e Ontologyand Business Process Analysis

— Workto make the information understandable by:
¢ Defining an ontology (and common message model)
e Documenting information exchanges required
e Describing services to increase the potential for re-use
— Workto make the information discoverable and accessible through
e Serviceregistry, metadata directory, and digital library
— Help toidentify accurate and timely data

e |dentifying Authoritative Data Sources, which provide accurate and timely data
* Incorporating metadata about the accuracy and timeliness of data

P o000 00




NextGen COls/Working Groups

Mext Generation Air Tran:%urtatinn Egéltem
Joint Planning and Development Office

Net-Centric Operations Division

Phasel Phase 3

o Weather o Safety

 Integrated Surveillance < Trajectory and Performance-
Based Operations

Phase 2 » Layered Adaptive Security
 Airport Business and * Environmental Management
Operations » Positioning, Navigation, and
 Unmanned Aircraft Timing

Systems * Airline Business and Operations

* Flight & Flow e Special use Airspace




Challenges to Success

Mext Generation Air Tranaportation System ¥ ¥ s 5 s
Joint Planning and E:v:lnpm:ntgﬂffi:: NEt—CEn‘tr“: DpEr‘a‘t'ms D|V|5|Dn

e Ontology Coordination

— Defining the domain of each COIl to avoid redundant development
efforts and encourage reuse of each others ontologies

— Leveraging work from communities outside of NextGen community
(e.g. the geospatial community)

— Creating effective incentives to avoid “semantic” stovepipes and
encourage the use of a agreed upon set of best practices

e Ontology Scope

— Prioritizing areas of ontology development (i.e. how do we identify
what are our core terms)

e Training and Outreach
— ldentifying key participants
— Expanding developer and user base

o
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MNext Generation Air Transportation System
Joint Planning and EI: !{]f il

============ Net-Centric Operations Division

JPDO Engagement Model
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Ontology Scope: Information Object Analysis

H |

Mext Generation Air Transportation System
Joint Planning and Elzvzlnpmcut!i]fﬁl:z

4D Weather
Cube

Information
Exchange

\
A —— D L OO LD
: > -
[ :
Actor (4D Weather Weather Information Actor (Weather Note that this diagram
Cube) « Wind Translation) IS not intended to
e present a
: = Irection comprehensive picture.
Eas S_DEEd _ It depicts a type of
: » Timeframe valid weather information
Information = * Altitude exchange, but there
U b « Location (lat/long) may also be additional
Object 2++F**e Timestamp types of weather
. « Visibility information exchange
: | that are not pictured
. here.
Attrlbute e Location S s nn s Message

Net-Centric Operations Division
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“Sprint and Drift” Strategy

Mext Generation Air Tranaportation System
Joint Planning and E:v:lnpm ntgﬂffi::

Net-Centric Operations Division
e Sprint

— First pass definition of COl information objects and exchanges

— Approximately 3 months

— Goal is to jump-start the process

— Focus on 3-4 information objects and ontology

— Products not expected to be complete or final

e Drift

— COl reviews and discusses the first pass products

— COl formulates opinions

— Team works with other COls and identifies areas of overlap
e Sprint again (2" pass)

— About 1 year after first pass

— Refine the products from the first pass or re-work them

o



Ontology Coordination: Top Down/Bottom Up
et G A Traisgsiation Syt Methodology

int Planning and

Net-Centric Operations Division

Upper Level
(Universal Core) UCore SL
Common Core - -

Ground AV|at|on
Wx

More Precise

Community
Level

Less Precise
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NextGen Semantic Service Registry

Next Generli Kb R ol e Net-Centric Operations Division

e Purpose

— Improve service discoverability and
understandability

— Support Semantic Service
Provisioning

— Provide Federated Search
_ e Technical

Semantic — Provide Federated Search
Service Registry — Encode service metadatain RDF

— Use ontology to annotate message
content

— Convert WSDL and XSD Schema
files into RDF

NextGen

12
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NextGen Ontology Portal

Mext Generation Air Transportation System
Joint Planning and Elzvzlnprlcnt!ilﬂil:z

Portal

0O
®)
3
3
c
S
=
@
wn

Ontology Library

NextGen
Enterprise
Ontology

Net-Centric Operations Division

Ontology Portal

e Two-Tiered Registry

— NextGen Ontology — consist of
vetted ontologies

— Ontology Library —open to the
wider community

e Ontology Metadata

— Ontology owner, domain, and
location

e Ontology Search*
— Support ontology discovery

Y 200000
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Use of Open Source Software

Next Generli Kb R ol e Net-Centric Operations Division

Open Semantic Framework

Software A
Component Description
Linux Operating System
MySQL Relational Database
Apache HTTPD Web Server
Apache Solr Enterprise search platform
Virtuoso M.ultimodel data server /

triplestore
OpenSSL Secure Socket Layer Library
{ODBC O_pen DataBase Connectivity

Library
PHP Professional Home Pages o Ediin
| Software development language Assets

ava :

and interpreter

Drupal \Sl\/eb Content Management
ystem

OpenStructs Semantic Web Service

Framework

P 00000
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Schoening, James
Strategies toward a Standard Upper Ontology

Data continues to be locked in semantic silos, unable to be understood by unanticipated users
across or outside the enterprise. XML provides syntax and structure for data sharing, but relies
on human senders and receivers to agree on the meaning of the data. Ontologies capture the
semantics of data, but they too become semantic silosif developed inisolation. A potentia
solution for wide-scale Semantic Interoperability lies in standard ontologies. While there can
never be asingle comprehensive ontology for al concepts, there could be one standard 'upper’
ontology, to provide the foundation for extension ontologies for domains and sub-domains, and
to provide common conceptsfor sharing data between and across domains. Multiple upper

ontol ogieshave been developed, but the ultimate value of an upper ontology will only be realized
if one of them becomes the standard. It need not be a perfect ontology, just ‘good enough' for
enough stakeholdersto utilize and to start building market adoption. Once this momentum gets
started, early adopters and vendors will develop tools, best practices, conformance tests, and
training to make it easier for others to adopt. This presentation will cover some past, current, and
potential future strategies for getting to a Standard Upper Ontology, plus how interested
stakeholders can get involved.



Strategies Toward a
Standard Upper Ontology
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Challenge: Semantic Interoperability

Net-Centric Data Strategy calls this: ‘Understandability *

e Byunanticipated humansand computers

Data continues to be locked in semantic silos

e Unable to be understood by unanticipated users across or outside
the enterprise

XML helps with the structure of data sharing

e Butrelies on human senders and receivers to agree on the ‘meaning’
of the data

Ontologies can express the semantics of data

e But they toobecome semanticsilos unless based on a common
model



/

Potential Solution: Standard Ontologies

Could never be a single ontology
e Toobig to ever complete
e Toobig for developersto learn

There could (in theory) be a single upper ontology
e Would need to be small
e Couldbe extended for domains and sub-domains

Value of an upper ontology is realized when one of them
becomes the standard

Key Question: How do we get to a standard?

4



~ Benefits of a Standard Upper Ontology

Data sharing across domains, enterprises, and globally
* Dependson how far the standard spreads

» Not total semantic interoperability, but some useful level of it
» Enables conformance testing to ensure interoperability

Improves ontology development
* Providescommon base to extend from
» Bettertools
e Simplifies training
Other areas to benefit
» Enables Services to be Semantically Interoperable
* Enables Data Integration on a larger scale
* Enables unstructured data to have tags with standard meaning

» Enables Master Data to be semantically consistentand understandable across
the enterpriseand beyond

» Provides Linked Open Data (LOD) with standard ontologies to link to

 Allows Natural Language Processing (NLP) to expressderived meaning in
standard semantics

* Enables development of logically consistent and scalable vocabularies




What do we mean by Upper?

* Isuggest two levels:

e Upper foundational ontology

« Provides philosophical foundation for extension
ontologies

« Example: Basic Foundational Ontology (BFO

e Upper practical ontology

« Includes common concepts used by multiple domains

Domain #2
Domain #3

Domain #1

Domain #4
Domain #N

» Extended from (or includes) upper foundational ontology

« Designed for further extensions
« Examples: UCore-SL, Upper Cyc, SUMO, ISO-15926,



Upper Ontology Debate

Arguments against feasibility
e Been tried before
 Differing valid perspectives, plus no purely objective perspective
e Will neverachieve consensus

Arguments for feasibility

e Doesn’'t need to be perfect or correct
 Justgood-enough for enough users to get started, then others will follow

 Unique perspectives can be handled in extensions or non-standard
ontologies

More on these arguments at
e http://en.wikipedia.org/wiki/Upper_ontology

Stalemate: This debate will not be settled through argument
e Up totheproponentstoshow feasibilityand value



.

Standard Ontology Components

Examples: Time, location, money, person, Units of
Measure, etc.

Used by many domains
Each should have simpléand complexversions
Many componentsalready being developed

e But they are not interoperable

Domainsand sub-domains reference specific
components

Large numbers will be developed
e With some becoming standards

May provide critical mass for ontology
standards
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" Elements of a Good Standard

Good-enough specification
Momentum of adoption (aka “de facto standard”)
Stability, plus a process for revisions

Formal standardization via a Standards Developing
Organization (SDO)

Conformance testing

Tools, training, best-practices, etc.
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Ways to Develop the Specification

Start from scratch
Select an existing specification and refine it
Merge existing upper ontologies

Ways to resolve differing input:
e Open consensus process and voting
e Consortium
e Major player develops and releases

10



Past Strategies

Technique of merging ontologies developed (late1990’s)

National Cte for IT Standards (NCITS) explored developing a Reference
Ontology (2000)

Various Upper Ontologies developed
e Examples: SUMO, BFO, DOLCE,

IEEE Standard Upper Ontology Working Group (SUO WG)(early2000’s)

e Matured draft specifications but didn't have 75% of votes to pass them.

11
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Current Strategies

Open Biomedical Ontologies (OBO) Foundry
UCore-SL gaining adoption

DoD Architecture Framework (DoDAF) Meta-Model
e Anontologyforarchitectures, based on IDEAS Ontology

12



/ =

Potential Strategies
Merge the leading upper ontologies

e Will build buy-in and improve the specification
e ‘Community sourcing’ might provide the bulk of this work, but should
have a paid editor.
Government could lead
e Develop, refine, or merge to createa broad-enough upper ontology
e Encouragegovernment piloting and adoption
e Mandateinternallyonly when fully proven and mature

Governmentvendors will adopt if required or beneficial, creatingwider
momentum toward global de factor standard

Seek component developers to rally around one upper ontology

Formally standardize

e Onlyafter clear momentum toward a given upper ontology
e [SO might be better then IEEE

Encourage stakeholders to develop tools, training, best-practices,
conformance testing, etc.

13



Conclusions

A Standard Upper Ontology holds great promise in
enabling Semantic Interoperability

Ingredients for momentum are coming together
e With morein the works

What’s your stake? Champions needed.

Questions?

14
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