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Ontology Defined

An ontology is an explicit, formal representation of
knowledge about a domain of application. This includes
— Types of entities that exist in the domain;

— Properties of those entities;

— Relationships among entities;

— Processes and events that happen with those entities;

where the term entity refers to any concept (real or
fictitious, concrete or abstract) that can be described and
reasoned about within the domain of application [costa, 200s].

“An ontology is an explicit specification of a conceptualization [Gruber, 95].”




* Ontologies provide a hierarchical structure of entity
classes and a formal way of expressing their
relationships

— First-order expressivity
— Supports logical reasoning

« There is significant literature on engineering traditional
ontologies

« Ontologies lack built-in, principled support to
adequately account for uncertainty

— Annotating ontologies with simple probability annotations
fails to convey structure of probabilistic representation

— Less expressive probability schemes do not convey
ontology structure, and so are inadequate
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Probabilistic Ontology Defined

A probabilistic ontology is an explicit, formal representation
of knowledge about a domain of application. This includes
Types of entities that exist in the domain,;

Properties of those entities;

Relationships among entities;

Processes and events that happen with those entities;

— Statistical regularities that characterize the domain;

— Inconclusive, ambiguous, incomplete, unreliable, and
dissonant knowledge related to entities of the domain;

— Uncertainty about all the above forms of knowledge;

R

Uncertainty Ontology

where the term entity refers to any concept (real or
fictitious, concrete or abstract) that can be described and
reasoned about within the domain of application (costa, 2005].

A probabilistic ontology extends a traditional ontology to represent uncertainty.
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Probabilistic Ontology

* Integrates inferential reasoning power of probabilistic
representations with first-order expressivity of
ontologies

* Provides a means to represent and reason with
uncertainty

 Limited literature on construction

Comprehensively describes “It would be interesting to have a

knowledge about a domain tool guiding the user on the steps

and the uncertainty embedded necessary to create a probabilistic

in that knowledge in a ontology and link this

principled, structured and documentation to its

sharable way [Brisset, 2003]. iImplementation [Carvalho, 2011].”
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Suppose an ontology of organisms contains

the following classes and relationships:

7 ISA

Human

\\

isComposedOf ~ .
 Humans usually have:
— 2 arms & 2 legs

— 10 fingers & 10 toes
e However, if a man loses a limb....

— Is he no longer human?
EMSolutions

Premise of an argument can be
uncertain (e.g. Humans have 2 legs):
(in)validity of the argument imposes
no condition on the certainty of the
conclusion (an amputee is Human).




The Problem

 The Semantic Technologies (ST) community needed a
comprehensive methodology for the development,
Implementation, and evaluation of probabilistic ontologies

— Ontology use is on the rise
— A means to incorporate uncertainty is a necessity
— Limited literature on production of probabilistic ontologies

* Ontological engineering ensures ontologies developed for
knowledge-sharing and reuse are explicit, logical and defensible

« Standard ontological engineering methods provide insufficient
support for complexity of probabilistic ontology development

A similar methodology is needed for development of
probabilistic ontologies
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Create a systematic approach to probabilistic ontology
development

« Facilitated through a reference architecture
— Formalizes the application of the methodology
— Extensible to various domains

« Follows an iterative methodology applicable to any Systems
Engineering development process

— Allows continuous expansion and evaluation
— Simplifies development and logic checking through
spiraling
« Ensures the implemented design meets requirements
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Probabilistic Ontology Development
Methodology (PODM)
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PODM Background

PODM addresses evolution of requirements into an ontology
that is probabillistically-integrated

— EXxplicitly describes the iterative tasks required to
produce a PO with in-situ evaluation steps

« Suitable for both spiral and waterfall development processes
* Application of PODM
— Specific decision problem

— Grounded in an inclusive ontology representing its
entities

— Incorporates probabilities to represent uncertainty

Establishes a solution grounded in an inclusive ontology representing its entities
and incorporation of probabilities to represent uncertainty
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Probabilistic Ontology Development
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Ontology Development Activity

Tasks Products

- |

pZd . o |

L [ Conduct ontological engineering J | [ Taxonomy J
> |

% [ Class Table J
> > [ Research reusable ontologies } 3

g = [ Final class diagram J
LéJ = [Research heuristics & algorithms}

> 6 3 [ Formal Axiom & Rules Table J
0 < %

O [ Implement ontology model J 3 [ Operational ontology J
— 1

IC—) Ontological

= Learning

O Activity

« Summarizes engineering tasks required to produce a working ontology

« Selection of an ontological engineering methodology is context dependent
» Fidelity of the ontological model is context dependent

« There are tasks and products common to each of these processes

EMSolutions




PROBABILITY INCORPORATION ACTIVITY

Create model of Prime Query and Tier-1 Attributes

Spiral Core Model

/

Logical
Error

Populate LPD with proxy values

J

Logical
Error

PO Construction PI‘OCGSS)

Y Probabilistic
Execute model and evaluate logic } Lear_n!ng
Activity
4 A
[Select and decompose a related class into sub-classes and attributes%
ommmmms /—b[ Create representation for the selected related class J
[ Populate LPDs of related class attributes }—/\J
. Error
! 4 Next
{ Update existing model relationships and LPDs } Decomposition
i y
: % Execute model and evaluate logic j—/

Prime Query + Tier-1 Attributes = Spiral Core Model




S
Ship

ShipSize

( isRepotedContact{cte, rpt) )

S \. S/

Mission

N ] ™
WarshipType

haswWarshipType(ctc)

hasPrimanimsnicte)

isReportedCaontactcte, rpf)

hasWarshipType(ctc)
k.

hasRptTypedrpt

J \\ S

Warship Class

isAirpt Report) ishicte, Ship)
e

mm isAirpt Report)

¥

|

hasRptSizedrpt)

Sensor

\hasPrimar\rMsn(ctc)/ \hasWeapon(ctc) /

hasShipSensoricte)

\ haswWarshipType(ctc) /

\hasShipSize(ctc) / \hasNationaIity(ctc)/

hasWarshipClassicte)

Weapon

\hasWarshipType(ctc)/ \hasPrimar\rMsn(ctc)/

hasWeapon(cic)

From an AOR-specific library
(ontology), the MilShip PO
infers the warship cass of an
unknown contact based on
limited or conflicting reports
of varying pedigrees
(uncertainty) .




Y

VEEL]

Conduct elicitation review

Evidence Table Case 4
Evidence
hasRptSize(rs1{Report))=Rpt_SizeMedium

} rs1

!

cte1,rs1

isReportedContact(ctc1(Ship), rs 1{Report))=true

1

hasReportedT ype(rt1{Report))=Rpt_TypeFFG

Draft case studies

cte1, rt1

isReportedContact(ctc1(Ship), t1(Report))=true

} cte

hasSensor{ctc1{Ship)=RAS_SPY1D

)
o [
O.)Q‘n
o= 28
8_07:
£2E
c =
Q£ =

2 95
-OCESC
o ©

= ()
Cdgcu
8w 3
Q5 © C
&))1_0

EVALUATION ACTIVITY

« Elicitation
« Case stuc
Cases
* Ty
Errone
EM .

}

hasShipDisp__cict

Disp&ktod 0k 41.15%)
Displessak 53.86%)
DispGreater! 0k 4.99%)
ahsurd 0%

hasShipLength__cte1

LengthGreater1 50 4 99%
Length125t01 50 41.15%)
LengthLess125 53.86%,
absurd 0%|

cte hasNationality(ctc1{{Ship))=Nation_DE
I
hasRptSize_ rs1 hasRptType__rt1 hasWeapon__cte1
Rpt Sizelarge 0% absurd 0% ahsurd 0.12%)
Rpt_Sizemedium 100 %] q Rpt_TypeCWh 0% WM _Aster! s 0%
Rpt_SizeSmall 10%| Rpt TypeFF 0% WNG_Giat_20F32 %)
absurd 0% | Rpt_TynefF G 100%) q WHG_DCHS 0%
+ Rpt_TypeOther %) WHIM_hihi38 %)
WHG_Mk45_Mod2 45 339%)
WHM_MMA0_Blockd o
hasiWarshipClass__ctcd . /' WM _SM2ME_Blockli 550%)
. hasWarshipType__ctcl
hasShipSize__cict absurd %) " WHG_MEFS_OtoMelar... 0%
SizeMediurm P | Class_GCharlesDeGau... 0% ivps:’cw 023: WT_hikd6 0%
SizeLarge 4.04%) [ ™(Class_LaFayetie 0% TvpeiFFG e -:
SizeSrnall 22.38%) Class_Brandenburg g7.53% | Wpe—FF ?.ss%
ahsurd 0%l Class_Unknown 37 47%| s e v
CIaSS_AIvarUDeEIaz‘e:n — has&hipSensor__ctel
absurd 0%
RSE_SWART_3D %)
hasMationality__cict RS5_DRBEV_15C 0%
h J RAS_DREY_15C 0%
Ia\lbaflir:_ES g: hasPrimarMsn__cte1 SHMW_DET160_LF 0%
Nation_FR 0% Msn_ASW 0129 RAS_LWW0g 0%
Nation_DE 100% q hisn_ AR a1.00%] | EEC-CORNA 0%
Nation_Other 0% Msn_ASUW ) SHM_DS5Q5_23B2 0%
ol ol RESS_ARIES 0%
RFC_Castar_2.J 0%
RFC_Arabel 0%|
RAS_DREJ_118 0%
RFC_STIR180 1%
RAS_SPY1D 100%) q
R35_DREM34 0% ‘

Test cases ensure model meets requirements specified by objective




Problem

« Ontological engineering methodologies are unsuitable
for production of probabilistic ontologies.

« The literature on probabilistic ontology development is
extremely limited.

Solution

« Reference Architecture for Probabilistic Ontology
Development

* Probabilistic Ontology Development Methodology
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