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Background — ONISTT/ANSC ontologies and Analyzer

Why do we need UML to assist in ontology modeling?

ODM applied to ONISTT/ANSC modeling

Next Steps
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ONISTT/ANSC
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Open Net-centric Interoperability Standards for Training &
Testing (ONISTT)

e DUSD/R-RTPP (Training Transformation)

* Analyzer for Net-centric System Test Confederations (ANSC)
e USD/AT&L-TRMC (S&T Portfolio)

 Objective

* Facilitate planning T&E and training events that employ
improvisational Live, Virtual, and Constructive (LVC) confederations

e Approach

e Adapt technology emerging from the Semantic Web initiative
(sponsored by the World Wide Web Consortium [W3C]), to extend the
currently envisioned NCO/NCDS capabilities
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Purpose-Aware Interoperability
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Capabilities 1 \ Capabilities

Needed Available

If the Capabilities Available provide a “reasonable match” to the
Capabilities Needed, Interoperability may be achieved

Otherwise = Interoperability is problematic
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However . .. The ONISTT Approach Requires Not
Just One Macro-Scale “In-Balance” Assessment

]
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But Rather 100s (possibly 1,000s) of Micro-Scale
“In-Balance” Assessments of Various Kinds
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ONISTT: Ontology Development and
Knowledge Capture Phase
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Training/Testing Training/Testing

i
- Environments y 5, Infrastructures
) e . H"-- S —

Tasks

LvC
j Systems
' 1b. Develop referents for
Training/Testing LVC systems, capabilities
w Resource Referents and quality metrics

la. Develop referents for
training/testing events,
tasks, and environments

-

Training/Testing
Event Referents

Ontologles\ w

ONISTT Concepts

2. Develop ontologies to express
pertinent characteristics of
referents necessary for machine
reasoning about interoperability

)

Knowledge Bases Knowledge Bases

General Domain DoD Domain
Concepts Concepts

o

3. Populate Knowledge Bases
on the basis of ontologies and
information in referents

» Tasks
* Resources

* Roles « Capabilities
» Capabilities needed « Domain knowledge
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ONISTT: Analyzer Employment Phase
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" Deployment

Knowledge Bases

* Resource pools

» Confederations

» Taskplans

¢ Role assignments

Qconstrw

N\

1. Training/Testing Planner uses
Knowledge Bases to
a) Define Taskplans
b) Propose candidate

Confederation(s) % gy Analyzer

Resource
Knowledge Bases

Knowledge Bases

rha
e [ ]

2. Analyzer uses information in
Knowledge Bases to
a) Assess given Confederation or
b) Generate possible Confederations

(full or partial) Decision from Resource Pool
3a. Return
notification
of failed 3b. Return verified
verification. Confederation(s)
Back to Step 1 and Configuration
Artifacts

Verified Configuration

m Confederation(s) Artifacts
ersion 11-01-
san piper sollware




Analyzer Implementation

setup

» Prompt user for missing elements of test event

» Automatic checks of consistency/completeness as
specifications are developed

» Formulate problem for Reasoning Engine
« Formulate Reasoner results for presentation in Ul

Java Virtual Machine

Test Event
Planner

I
I
I
ﬂ : Ul Manager /
I
l_

» Wizards supporting test
event setup

» Specialized views to browse
test events (task plans),
candidate solutions,
resources, etc.

* Visualization of ontologies

Problem
Formulation
Assistant

— — — — —

y |
|OWL/ProIog | | R

KB Manager | -

 Manage access to
distributed KBs

» Coordinate KB queries

and updates

» Transform KB requests

and responses
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* Verify role - resource assignments

e Generate role = resource
assignments

» Complete task plans
* Discover interoperability issues
* Discover test coverage issues
« Create configuration artifacts
T Vv T T T T N\

Prolog |

€asoning Environment |

Translator Engine
|_Translator | > |
__________ ~
Descriptions of:
API » Test events
KB - Tasks, roles,
interactions,
- capabilities
needed
« Create/delete KB ) ReiourceS/
* Open/query KB S¥S§;Zbilities,
. #Jp(t:Iate/deIete subresources
acts

. * Intuitive look and feel

sandpiper sollware
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Ul = User Interaction



Presenter
Presentation Notes
“Java Virtual Machine” and “Logic Programming Environment” are less important; should be smaller font



In the blue box: there should be a bullet (indented) in front of “Tasks, roles, interactions, capabilities needed”

Also for “Capabilities, subresources”



Keep the user/screen icon and the “key” (KB, UI) from previous version



Might want to make use of the model / view / controller paradigm, for the 3 boxes in the Java VM…


Referent and Ontology Description
Languages
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* Referents
* Natural language
 UML (Unified Modeling Language)
* Ontologies/Knowledge bases (KBs)
* OWL (Web Ontology Language)
e SWRL (Semantic Web Rule Language)
Bridging between UML and OWL
* ONISTT team (SRI, PivotPoint, Sandpiper) developed OWL “profile” for
UML per ODM
* Implemented in Enterprise Architect (EA) and MagicDraw
* Recommendations were adopted by the OMG as improvements to the ODM
specification
* Mapped ONISTT ontology scenario-related concepts (task, role,
interaction) to UML activity diagram elements
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Protégée editor - hard to follow relationships
among concepts
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taskplan_video-example1 Protége 3.4 beta [file:\C:\project-reposionisttideveliexamplesivideotaskplan_wideo-examplel.pprj, OWL ! RDF Files) |:||§||z|

File Edit Project oWL BEeasoning Code Toolz ‘Window  Help
OEE £ B 6E mdbd 9 <q b %protégé

r @ Metadstartaskplan_video-example1) r. N Classes r- Froperties r’ Inclividuals r = Formsz rONISTT2 |

SUBCLASS EXPLORER ] 3 CLASS EDITOR for taskplan:CompositeTaskPlan (instance of owl:Class) HR=RERT|

For Project: @ taskplan_video-example For Class: http: it onistt orgfieveliontolooy taskiaskplan owRComposteTaskPlan [ Inferred view
+
Asserted Hierarchy ar tf} [ |j Q: @ [H [J Annotations
> onistt: Capability -~ Propetty | Yalue | Lang |
onistt: Confederation rdfs:comment A plan for how to execute & composite task. -

onistt: Deploymernt

> onistt: Resource

v onistt: TaskPlan -
taskplan: &hstractTaskPlan
tazkplan: CompositeTaskPlan ib ﬁ q; m ﬁ} @ H Properties and Restrictions
tazkplan: PrimitiveTaskPlan [=] taskplan: failedConstraint  (multiole task: Capability Constraint)

> protocol intistiontechanism =] tazkplan: subtaskinvocationPlan  (multiple taskplan: TaskinvocationPlan)

protocal:Protocal ¥ [Mtaskplantazk  (alvaluesFrom tazk:CompositeTazk)
> rilf:List — task: CompositeTask
> swerla: Entity [II]taskplan:role.&ssignmerﬁ (multiple taskplan: Roledssignment)

task: Capakility
task CapabilityConstraint
task: ConstraintSeverity
task:Resource
task:Raole

v task Task

task ShatractTazk @ Q: % C | Supercl ﬁ Q: ‘.a ‘3. Qﬁ .. Disjoints
oniztt: TaskPlan taskplan:Primitive TaskPlan
taskplan: Ahstract TaskPlan

task CompositeTask
task PrimitiveTazk
v task Taskinvacation
task MonPrimtiveTaskinvocation
task: Primitive Tazkinvocstion

taskplan Rolelssignment

| |'| B 3 %A & B ) Logic View  (® Properties Wiesw
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Ontologies/KBs for Demo #1

« Namespace: www.onistt.org/ontology (onistt)

GINEERING & SYSTEMS DIVISION

/onistt: onistt
[task: task, taskplan

/capability: imagery capability, motion_imagery capability,
mdr_capability, communication_capability, cc_capability, tspi_capability,
Isr_capability, weather_capability

valueset

e Namespace: www.onistt.org/ontology (domain)

/quantity: quantity, engineering_value, engineering_unit, iec8000-13
/imagery: imagery, motion_imagery, h264, iso13818, misp, smpte

/communication: communication, architecture, dis, dis_pdu, dis_protocaol,
tena, usmtf

/behavior: behavior, protocol
/environment: weather

- Www.onistt.org/examples/video

sandpige ' vy NEANPEAS tack tacknlan te<sting 4955-12


http://www.onistt.org/ontology
http://www.onistt.org/ontology
http://www.onistt.org/examples/video

And i1t’'s worse with individuals
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. DelegateSourceSelectioninvocationPlan_1 (instance of taskplan: TaskinvocationPlan, internal name is hitp:/fww... |;||E||§

File Edit Project OWL  Eesasonin

INDIVIDUAL EDITOR for DelegateSourceSelectioninvocationPlan_1 (instance of taskplan:TaskinvocationPlan)

For Individual: |httpcfMaeaens anistt orgideveliontologyfexamplesivideotaskplan_video-examplel ¥DelegateSource SelectioninvocationPlan_1

Dnnnn'tatians
Propery | Value | Lang |
20 rolfzicomment ==
BrokeredSourceSele
INDIVIDUAL EDITOR for B
2

taskex:DelegateSourceSelectionInvocation [instance of task:NonPrimitiveTasklnvocation, internal name ... |Z||E||X|

INDIVIDUAL EDITOR for taskex:DelegateSourceSelectioninvocation (instance of task:NonPrimitive Tasklnvocation) T

For Individual: bt s anistt orgideselfontologyfexamplesivideotask _video-examplel ¥DelegateSourceSelectioninvocation

|j @ Q: E EE DAnnomtions

| Property | Walue | Lang |

20 rdfs comment =

' ' "

|

taslcactualArguments ‘ ‘ t

I[() rdf:List (tazkex DataConzumer, taskex:DataElrokt---];

taslcinvokedTask ‘ ‘ t:

|’taskex:DelegateSourceSelection |

nrnert [
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Ontology Definition Metamodel (ODM)

]
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* ODMis Object Management Group’s standard for model
driven ontology development

e Adopted as an OMG standard in October 2006

e A family of metamodels

* Supports exchange of models developed independently in different
modeling languages

* Provides standard profiles for ontology development in UML
* Enables consistency checking and validation of models in general

* Grounded in formal logic enabling reasoning engines to
uhnd(e)rstl\ﬁmd, validate, and apply ontologies developed using
the

. Sﬁm_dpiper Software is a primary editor & Ontology PSIG co-
chair

* Other contributors include NIST, Raytheon, IBM, Adaptive,
HP, No Magic

sandpiper sollware 4955-14



Presenter
Presentation Notes
Brief introduction to OMG – primary standards (CORBA, UML), membership (government, e.g., NIST, NASA, National Archives, Naval Surface Warfare Center, Naval Undersea Warfare Center, Office of the Secretary of Defense, … and commercial – major aerospace vendors (Lockheed Martin, Raytheon, BAE, etc.), major software vendors (IBM, HP, SAP, Oracle, Adobe…), consultancies, smaller companies, universities …)


Tobp-Level Ontoloav

class OMNISTT-top level-simplified /

refinedBy

wowlClasss

TaskPlan

i)
m
£

wowlClasss

Task

™~

o ——— taskplan

—_—

ey e
Who 855

Deployment |

rolzAssignment

wowlClasss

Tasklnvocation

7

N

constraintdss gnmeant

wowlClasss

RolefAssignment

subtsskinvocation

/

wowlClasse

Role

/

Zi

formalirgumant

wowlClasss
AbstractTask

wowlClesss
CompositeTask

wowlClasss
PrimitiveTask

2zzEgs

/

|

Capao '._.':3 nstraint

Y/

constrainedTask

wowlClasss

CapahkilityConstraint

v

onstraintSeverty

constraintdtom

RN

—
% assignedConstraint

c=Poo -.T: wowlClasss
ResourcePool
EES )
owlClasss
':Eéaagﬁsj—?-r' ;hEEm :_E subR=source

wowlClasss

Capability

wowlClasss

[Capahility class)

Capability instances provided by
resources are matched with
capability classes needed by tashs,
Capability constraint rules are

1 applied to identify possible

compatibility issues.

wowlClasse

Constraintfssignment

wxsdDatatypex
string

wowlClasss

ConstraintSeverityl

wowlClasse

SWHL Atom

wowlIClasse

SWHL Imp (Rule)




Top-Level Description of ANSC Demo #1
January 2009
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* Demonstrated an automated tool with a capability to perform
reasoning about:

(a) A collection of complex functions that need doing
(b) A pool of resources available for doing them

* Thetool synthesizes various combinations of resources from
the pool as candidate confederations for performing the
functions, and:

(a) Rank the goodness of the candidate confederations
(b) Identify the issues that led to those rankings
* The Analyzer is a general solver needs-resources problems
* No special-purpose software related to the “content” of the demo
* Demo driven by information captured declaratively in the KBs

* Analyzer was applied to a blood transfusion compatibility example
without changing a single line of code

sandpiper sollware 4955-16



Another View of Task/Taskplan Relationships
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class Task and Taskplan relationships /

wowlClasss
Task:
AbstractTask

refined By

wowlClasss
Task:
CompositeTask

"1 Can add new args

Refining tash must
hawve all the args of the
refined tash.

subtaskinvocation

\

wowlClasss
Task:
Tasklnvocation

wowlClasss

onistt::Task

Il
2

wowlClasss

TaskPlan::

|AbstractTaskPlan)

refining Plan

M Imvacation arg list must be
/| compozed of individualz
' | that are in the Compasite

arg list

wowlClasss
TaskPlan:
CompositeTaskPlan

subtasklnvocationPlan

]

wowlClasss
TaskPlan:
TaskinvocationPlan

Argsin the same
| location in the list can
“change individuals.
-=7| Ean't add new args.

nvokedTaskplan

¥

wwlClasss
onistt:TaskPlan

- task

If the same primitive tash is
invoked for both ends of an
intaraction, you need a task
invocation individual for each.

sandpiper

sollware
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Classes used In role assignment synthesis

class OMISTT-top level-simplified /

wowlClasss

- tgskplan — | Deployment |
wDWi-la55n ‘é_; esourcePoo wowlClasss
ﬁ TaskFlan \ = RescurcePool
ralzassignman constraintdssignmen T
.,
™.
",
.
= N
wowlClasse wowlClasss wowlClasss
AbstractTaskPlan CompositeTaskPlan PrimitiveTaskPlan R :o;ulﬁ_lass» y
olenAssignment—__ - =ubResourc
] resourcefssigneik. cowlClass» |
tac Resource
L rolefissigned \
“”"_‘}: S N capahility
as
~7 xowlClas...
Role
E& xowlClas...
formalArgument Capahility
wowlClasss wowlClasss ‘
AbstractTask CompositeTask wicl
X0 ASE 3
| ar zowlClass»
PrimitiveTask | | capabilityNeeded — -
_ {Capahility class]
capabilityConstrain consirained sz \ 7

wowlClasss

CapahilityConstraint

wowWlIClasse

ConstraintAssignment

constraintSeve constraintAtom
wxsdDatatypes woWIClasse wWIClasse wiwWlIClasse

string

ConstraintSeverity

SWHL Atom

SWHL Imp (Rule)




Individuals used in role assignment synthesis
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class 06 - Analyzer synthesizes role assignments /

wowWIClasse

‘RoleAssignment

‘assignedFesoUrce

.capability
;assignedRole \JX

wowlindividuals
UAWVY Motion Imagery Capahility ©

Capakbility
I
|
|
1
wowlClasse :
Video Provider : 1
Role
aowlClasse
Produce Motion Imagery
Capability
formalArgument
wowlindividu... wowlClasse

Provide Video: - capabilityNeeded—— Provide Motion Imagery
PrimitiveTask Capahility

wowlClasss
Motion Imagery Capahility

sandpiper sollware 4955-19



Recording standards full coverage capability
constraint assignment

class Recording Standards Capability C-::nns-train':/J

aowlindividuals

Recording Standards Full Test

Constraint Assignment

constraintdssignment

aowlindividuals

Deployment Test Video Scenario 01_u

capabili

Constraint

aowlindividuals

Recording Standards Full Coverage

Constraint

—

awowlClasss

Provide and Display Video :

cconstrainedTask

AN

constraintSeverity

Jmessage

wowlindividuals
Mild

:constraintatom

aowlClasss

CompositeTask

aowlindividuals
Recording Standards

SWRL Atom

N

[One or more of the tested recording standards is

Jpredicate

not supported by the video provider

recordingStandardsFullCoversgs

argumentlist

Full Coverage Rule

wowlindividuals
Provide Video

VideoMSUT1 Recording

motion_imagerny_cap:suppotedRecordingStandards*videoCap, TsourceRes)
ws:subsetOf PtestedRes, Tsource Res)
— recardingStandardsFullCoveragervideoCap, TtestedR as)

aowlindividuals

Invocation

Standard Value Set

The Analyzer finds that
ProvidelideoCapability iz a
capabilityNeeded of the ProvideWideo task




Motion imagery capability and recording
standards constraint

class Recording 5tandards Capahbility Needed /

S

wowlClasse

Motion Imagery Capahility

supportedRecordingStandards

v

wowlClasss

Set

Compression Standard Value

ohject

i

wowlClasss
Video Compression

Standard
A
i t
I i

!
!

s
A

wowlIClasse
Provide Motion
Imagery Capability

wowlClasss
Consume Motion
Imagery Capability

7

wowlClasss
Produce Motion
Imagery Capability

A

.capabilittleeded
I

7

wowlClasss
Display Motion
Imagery Capability

A

.capabiliteeded
|

wowllindividuals

wowlindividuals

aowlindividuals
VideoN5UT1 Recording

wowlindividuals
UAV1 compression

Standard Value Set

standard value set

Provide Video Cisplay Video
dmiokedTask invokedTask

wowllindividuals

FRecording Standards Full Coverage

wowlindividuale
Provide Video Invocation

wowlindividuals
Display Video Invocation

&\

™,

A

Zi
/

-

P

= TtapabilitvConstraing

Constraint dasklnvocation

wowlClasss

. 4%. Provide and Display Video :
xconhstrainedTask —

CompositeTask




Comparing apples and oranges standards:
Some video compression standards
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class motion_ imagery.owl /

wowlClasse

Recording Standard % extendsRecordingStandard

aOwWlClasss

Digital Recording Standard |

Z% wowlClazss
___(““55. Recording Standard Level

wowlClasss

Recording Standard Profile

| | wowlClasss wowlClasss
ChromaFormat FrameRate
wowlClasss wowlClasss
Media Container Video Compression N N
Standard Standard e A
Secanning Format FrameSize
wowlClasss
FrameType
woWiClasss wowlClasss wowlClasss wowlClasss
h264.owl::H264_MPEG-4AVC iso13818.owl:MPEG-2 mis p.owl::Motion smtpe.cwl SMPTE Video
Video Compressicn Standard Video Compressicn Imagery System Matrix Compressicn Standard
Standard

e |\
P M

International,
S L
TN
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Objective: Test all recording standards
supported by VideoNSUT1
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class Video NSUT1 Value Sets /

wowlindividuals
VideoM5UT1_Recording StandardValue Set

object
wowllindividu... wowllindividu. .. wowllndividu... wowlindividu. .. wowlindividu... cowlindividu...
SMTFPE 258M SMTPE 274M SMTFE 252M SMTFE SMTFE 285M SMTFE

294M-2001 286M-2001

The Video Provider should support some of these: {2MPEG-
2MP_ML, SMPTE259M, SMPTE274M, SMPTE292M, SMPTE294M-
2001, SMPTE295M, SMPTE296M-2001}

sandpiper sollware 4955-23



UAV1 - Apples and apples
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class UAV 1 Compression ‘ul'alueset/

wowlindividuals
UAV1 compression standard value set

(from G:.T_crssil':n value zefz)

:ohject

2

aowlindividuals
H 264 HP@ 4.1

{from h264 ndnidusiz) {from MPEG-2 individuslis)

e UAV1 has MPEG-2 MP@ML in common with VideoNSUT1

sandpiper sollware 4955-24



UAV2 - Apples and oranges (1)

]
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class UAY 2 Compression Val”EE'Et/ class MISP Recording Standards mapping /

cowlindividusls wowllndividuals
UAV2 compression standard value set MISI LAN applicableStandard
[from G:"‘_CI‘EE%I'S"I value zefz) R\-\

extendsRecordingStandard

2\ S

aowlindividuals aowlindividuals
MISK L14 .E}dendsRecnrdinuatandarﬁ MISH L10M
wowlindividuals wowlindividuals
MISM L10H WIS L4
(from mizgg indiidusiz) {from mizp individualzs)

e UAVZ2 appears not to support any of these, but it satisfies the
constraint. Why?

e Because a mapping rule indicates the correspondence between
two standards: UAV2's MISP-L4M and the MPEG-2MP_ML

* The mapping rule uses the applicableStandard property
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UAV3 - Apples and oranges (2)

]
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class UAV 3 Compression ‘u"alues-et/

class MISP Recording Standards mapping /

wowlindividuals N
UAV3 compression standard value set sowlindividusls ] )
MISM L4M ;applicableStandard

(from Compresgion value seiz) R—\_\
:ohject extendsRecordingStandard
cwowlindividuals E cowlindividuals
MISM L11 .E}dendsRecnrdinuatandarﬁ MISH L10M
«owlindividualx

MISK L11

(from mizp indiidusiz)

e For UAVS3, another rule finds that MISP L11 extends MISP L10M,
and MISP L10M extends MISP-L4M

* The extends rule uses the extendsRecordingStandards property
e Then the mapping rule is applied as for UAV2

sandpiper sollware 4955-26



Task scenario

=5 Reavest video on o v 2k vy ENGINEERING & SYSTEMS DIVISION
o Frocess senser report ‘Seck viden corfirmation Requast info on targets Erocees wides
o approaching/leaving a certain location.
R (E.g.. Location xy with diameter d. Need
2 answer in x minutes. Resolution at least r
ficceptable formats are 11, 3.
Frowidel SR_Video
K Distribute realtime video
2
c
g
g
i
&
] e questl SR_Video
2 Collec] and archive video
S
1
i i | .
1 ] i [
% ( / Collzct video and transm\l\ur archiving / )
2 1 1
g LT
i ‘Follacti SR_vide
g
g
£
S
v
5
£
5 Detact patertial targat
g
1
&
7
B
5
2
]
FequestiSR_Video SeurceSelection est] SA_Video
2 ommand distribution
& of realime video
I Will be performed by Select best
2 the FSC NSUT idacisouics) Send the most recent video
& : !
m, — - . ‘fmtm the amht.:g prndrl\ng.d
z dictribution of atency in gatting frash video
DuenMDR archived video
2 ‘Request SR_Mi
&
._g Archivel SR_Mideo Distribute video
A 1
2z Lf
Archive video
K :QueryMDR L
]
= Provide service-discovery and
= structural metadata
-
2 _I:Couecﬂsmvmeo Collect SR_Videa :Collect SR_Wideo
&
3 LI LI
o Manguver in area of interest
B
Test data archive
o
o
=
i
£
Collacts all tast point related data. Details
shown on asseciated sequence diagrams.
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Looking Forward
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e Auto-translation OWL->UML and UML->OWL

* Will likely result in broader range of OWL language elements
expressed in our diagrams (e.g., restrictions, namespaces)

e Visual notation for rules

* E.g., mapping to the UML Profile for Production Rule Representation
(PRR) with extension for RIF/SWRL

 Automatic translation of behavioral (activity) diagrams

e Specific mapping from scenario pattern to ONISTT ontology concepts
(Task, Role, Capability)

e Qutside purview of ODM

sandpiper sollware 4955-28
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