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“...The commander is compelled during the whole
paign to reach decisions on the basis of situations
annot be predicted ... The problem is to grasp, Ir
umerable special cases, the actual situation whicl
vered by the mist of uncertainty, to appraise the fa
rectly and to guess the unknown elements, to reac
ecision quickly and then to carry 1t out forcefully ar
relentlessly.”

Helmuth von Moltke, 1800-1¢

Paret, P.; Craig; A.G.; Gilbert, F. (1986) Makers of Modern Strategy: From V
the Niiclear Aade | ondon UIK: Oxford Iniver<itv Precs (Paae ?2890)
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1ability to produce a dynamic, comprehensive, anc
ccurate battlespace picture for the warfighter that
tegrates tactical data from multiple intelligence
ources.

ack of automated techniques to integrate data
Jeolocation, detection, and identification) from mul
telligence sources, In a consistent and timely mar

ack of accurate and timely information about
attlespace objects and events to support warfighte
ecision making in an asymmetric warfare.
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White, F.E., “A Model for Data Fusion”, Proc. 1st |



tfalls of Current Approaches

r cannot achieve fusion levels 2 and above
model), or can do so only in controlled
nments (limited scalability and expressivity).

2d ablility to cope with uncertainty, typically
ng or mishandling it.

1andle only standardized messages, special-
scenarios, and specific sensor types, leading
roperability Issues and less than optimal use
allable information.



|1 Connect reports to
| situations

The Missing Pleces . \

combplexitv



The Way Forward

ically aware s
nent 7



ter's Multi-Disciplinary Approach

1g Interoperable
‘echnologies based
ntity Bayesian

, Probabillistic

s, and pragmatic
support Net Centric
g mathematically rigorous and computationally
Igorithms based on Spatio-Temporal Hypothesis

ient and Efficient Hybrid Inference to provide

)le predictive situational awareness Developing formal
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eroperation vs. Integration

- fit-to-purpose

responsiveness

NOT Polar Opposites!



Example: Kill chain

find __ fix sy track s target___;engage___,assess

|ef 'Engage EAssess

on i_FnrmuIaIe attack i

:t't | Position weapon | Field of view, scope
mit— § system |

'Employ weapon
‘Weapon fly-out

interoperation integration

Information-centric

action-centric

1 Illustrates the co-existence of interoperation and integration
mponent interaction.

2s In the chain are characterized by larger field of view and
formation-centric functions than do later activities. They need
Upling and flexibility of interoperation.
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Ontologies

’hilosophy: the study of nature of being and knowing

nformation Systems: many definitions

ation on how to

cepts, and other
to exist in some
ionships among
.com)

ntology is the
rmulate an
eptual schema
/1S typically a
ntaining all the
ationships and
kipedia.org).

an ontology is a set of concepts - such as
things, events, and relations - that are
specified in some way (such as specific natural
language) in order to create an agreed-upon
vocabulary for exchanging information.
(whatis.com)

An Ontology formally defines a commor
set of terms that are used to describe an
represent a domain. Ontologies can be
used by automated tools to power
advanced services such as more accura
Web search, intelligent software agents

e and knowledge management. (Owl Use
Is a formal specification of a

conceptualization (Gruber) Cases)

An ontology models the vocabulary and A partial specification of a conceptual
meaning of domains of interest: the objects vocabulary to be used for formulating
(things) in domains; the relationships among knowledge-level theories about a domain of
those things; the properties, functions, and discourse. The fundamental role of an

processes involving those things; and ontology is to support knowledge sharing anc
constraints on and rules about those things reuse. (The Internet Reasoning Services

(DaConta et al., 2003) project - IRS)



semantics 1n Data Fusion

mation in the battlefield comes from reports
diverse sources, In distinct syntax, and with
ent meanings.

tive interoperability requires understanding the
onship between reports from different systems
he events reported upon

antically aware systems are essential to
buted knowledge fusion.

logies are a means to semantic awareness



Asserted vs. Inferred
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Ontologies vs. OO

logies

ogical reasoners to
s relationships and
membership

ormat that adapts
structure as new
n is learned

rid Assumption /
2d for open

Databases / OO

Rigidly defined classes that
govern the system behavior

All Instances are created as
members of some class.

Changing a class affects all of
Its Instances

Closed World Assumption /
Well suited for top down
governance



ntologies and Uncertainty

> many kinds of uncertainty, e.g.:

Sensors
t, Incomplete, deceptive human intelligence
understanding of cause and effect mechanisms in the world

iting and reasoning with uncertainty Is essential

litional ontological Engineering methods
‘ovide no support for representing and



Deterministic Reasoning
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v about Bayesian Networks?
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Why not BNs?
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ti-Entity Bayesian Networks
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MEBN Fragments
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Probabilistic Ontology Language

1tology written in W3C-recommended OWL ontology

A

-’ u

nts probabilistic knowledge in XML-compliant format.

1 MEBN, a probabilistic logic with first-order
ve power

urce, freely available solution for representing
je and associated uncertaint

r under development

oration with University
A




OWL

PR2OWL vs.
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ding Context to Semantics

Jmatics be seen as the use of context
mation to disambiguate meaning

Jmatic frames are a means to convey
Jmatics through an ontological
ework

ntology supports (or is applicable to)
agmatic frame if the world states (or
> changes) that it can describe Include



pDle: Disaster Relief Operations

Major Bottleneck: Solution
Participants have different Provide effective coordination via
distribution of food resources and use different B teroperability afforded by high
rea terminologies and business level knowledge integration
- processes to deliver food |

Local Gov't

Agency Humanitarian

t NGO
Probabilistic t

Ontol
. Probabilistic
\ Ontology
.5 7

-.n.;m; Pragmatic Frame: V4 Pragmatic Frame:
. Food Distribution Shelter Location

1

N '

Probabilistic Probabilistic :

Ontology Ontology |
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hanks for your Attention!!!




