PROBABILISTIC ONTOLOGIES
FOR €FFICIENT RESOURCE
SHARING IN SEMANTIC
WEB SERVICES

Paulo Cesar G. da Costa
Kathryn B. Laskey
Kenneth J. Laskey



% Semantic Interoperability

% in the Semantic Web

% in Service Oriented Architectures

% Common vs. Probabilistic Ontologies

% The Role of Probabilistic Ontologies in SOA



% Semantic Interoperability

% in the Semantic Web

% in Service Oriented Architectures

% Common vs. Probabilistic Ontologies

% The Role of Probabilistic Ontologies in SOA



% Semantic Interoperabilit

% in the Semantic Web

* m| Oin_teCitt_

% Common vs. Probabilistic Ontologies

% The Role of Probabilistic Ontologies in SOA






INTEROPERABILITY?

P ] 1 I Ly S -
it SO x_ M S e gl gl i Y ol L R e | e i Pl g Wi A e g e, Sl g W s TR e I R T R R e e U0 L e e . ol o e am . EST E l'.",___'\-";.:_._..n.

The ability of systems,
units, or forces to provide
services to and accept services from
other systems, units or forces and to
use the services exchanged to
enable them to operate effectively

together.

http://en.wikipedia.org/wiki/Interoperability
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% Essential for appropriate processing of distinct
concepts that are syntactically similar

% Provides the basis for rich description and
reasoning

% Fundamental tenet of the Semantic Web:

Adding semantics to web resources can spark a
paradigm shift from information-based data
exchange to knowledge-based data exchange
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% Paradigm for information architecture design
4 Organize and utilize distributed capabilities

4+ Match capabilities of providers with needs of consumers

4+ Capabilities required to meet a need may cross
ownership boundaries

% Viewed as foundational technology for net-centric
vision
4+ Expected to be more scalable than traditional integration
technologies

4+ Expected to reduce cost of information integration
within enterprise and across organizational boundaries

% Web services - most common implementation
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Web services and semantic web are building out rapidly from
the URI-HTTP-XML base.

While they are being developed independently, they will
merge naturally and strengthen each other as development
continues.
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Web Services meet immediate need.

Semantic Web has exponential growth potential
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* Syntax
— Syntax means rules of formation for a * Semantics

data type : — Semantics is the meaning of the
— Syntactic interoperability means an expressions
application can process the data formats — Semantic interoperability means
produced by another applications interpret the data in the
—E.g., 38.2 is'a legal floating point number same way

—E.g., a value of 38.2 for body temperature
in degrees Celsius indicates a moderately

high fever
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* Syntax
— Syntax means rules of formation for a * Semantics

data type : — Semantics is the meaning of the
— Syntactic interoperability means an expressions
application can process the data formats — Semantic interoperability means
produced by another applications interpret the data in the
—E.g., 38.2 is'a legal floating point number same way

high fever

—E.g., a value of 38.2 for body temperature
in degrees Celsius indicates a moderately

* Consumers and providers need to agree on semantics of service descriptions

* Semantic interoperability is a much stronger requirement than type consistency







SEMANTICS IN SOA

* Descr1pt10n

* What does the service do?

* What are conditions (constraints/ policies) for use?
* How to use it? (Address & WSDL)

% Ontology

* Formal, computable description of entities in a domain,
relations between them, processes in which they
participate, attributes they can have

*

Controlled vocabulary and grammar

*

Intended to facilitate knowledge sharing
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a a a Ourstructuring of the ontology of services is motivated by the need to provide three essential types of knowledge about a service (shown in figure 1), each characterized
by the question it answers: m

T A

o What does the service require of the user(s), or other agents, and provide for them? The answer to this question 1s given in the ™ pmﬁlei.” Thus, the class SERVICE
presenis a SERVICEPROFILE

o How does it work? The answer to this question is given in the ““model." Thus, the class SERVICE 1s describedBy a SERVICEMODEL

) Missior * How is it used? The answer to this question is given in the *" grounding.” Thus, the class SERVICE supports @ SERVICEGROUNDING.

- : organising committe . N . . N . . . - . .
» Objecti The Semanti The class SERVICE provides an organizational point of reference for declaring Web services; one instance of SERVICE will exist for each distinct published service. The

provide anop | cei Pavae (Chalt o ponerties presents, describedBy, and supports are properties of SERVICE. The classes SERVICEPROFILE, SERVICEMODEL, and SERVICEGROUNDING are the respective
v Industt Web technolc oratassia = ranges of those properties. Each instance of SERVICE will present a descendant class of SERVICEPROFILE, be describedBy a descendant class of SERVICEMODEL. and
» Consor The Semantic Katia Sycara support a descendant class of SERVICEGROUNDING. The details of profiles, models. and groundings may vary widely from one type of service to another--that is, from

one descendant class of SERVICE to another. But each of these three classes provides an essential type of information about the service, as characterized in the rest of the
paper.
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OWL-5: Semantic Markup for Web Services
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WHY UNCERTAINTY IN §OA?

% Finding and binding processes

* Systems in a heterogeneous world have different
ontologies

* Exact translation of terms may not be possible

* Legacy systems have no formal representation of
semantics
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% Finding and binding processes

* Systems in a heterogeneous world have different
ontologies

* Exact translation of terms may not be possible

* Legacy systems have no formal representation of
semantics

Matching a capability to a need is a problem in
inference and decision making under uncertainty
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\CAN BE
PROBLEM'SOLVED!!!
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Definition: An ontology is an explicit, formal representation of
knowledge about a domain of application. This includes:

a) Types of entities that exist in the domain;

b) Properties of those entities;

c) Relationships among entities;

d) 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 ot application. B
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Definition: A ontology is an explicit, formal representation
of knowledge about a domain of application. This includes:

a) Types of entities that exist in the domain;

b) Properties of those entities;

c) Relationships among entities;

d) 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.



PROBABILISTIC ONTOLOGIES

Definition: A(probabilistic ontology)is an explicit, formal representation
of knowledge about a domain of application. This includes:

a) Types of entities that exist in the domain;
b) Properties of those entities;
c) Relationships among entities;

d) Processes and events that happen with those entities;

[ e) Statistical regularities that characterize the domain;

f) Inconclusive, ambiguous, incomplete, unreliable, and dissonant
evidence related to entities of the domain;

g) Uncertainty about all the above forms of knowledge;
&

J

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. B
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THE EXECUTION CONTEXT
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% All those aspects have some sort of i

uncertainty involved!

!* Addressing them without a
s principled means for representing

uncertainty i1s a recipe for failure! j
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% The above questions do not have simple,
universally valid answers

% Deterministic approaches will not suffice to
build viable solutions to all of them

% Probabilistic ontologies can help to bridge
the gap
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% Probabilistic ontologies, as a principled
representation of uncertainty, can extend the
reach of Service Oriented Architectures.

% Much can be achieved by combining both
complete and incomplete knowledge to
optimize the way resources are exchanged.
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Iwo competing views:



A PHILOSOPHICAL NOTE...
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Iwo competing views:

Probability as a natural phenomenon

Probability as an epistemic phenomenon
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pr-owl:0Variable @ Starship
pr-owl:ProbAssign @ SensorReport
-owl: ProbDist _
¥ @ preow rl. “; R rler.u.ury Conditions:
pr-owl.DeclarativeDist — abject sntity
pr=owl:PR=-0WLT able
pr-owl-Skolem
B we:] | " 2 ™ Logic View () Properties View

A



’ eoOe Starship Protége 3.1 beta (file:/Volumes/Cockpit/Users/pc/Documents/Academia/Ontologies /Starship.pprj, OWL Files (.owl or .rdf}) EI?I PR‘OWL
MR B GEED RN EEEEEEEE R ﬁpm&gé

- @ OWLClasses M Properties = Forms 4 Individuals @ Metadata (T PR-OWL |

§n1c,~nv5kﬁlﬂ YN ER
[ MFrag Buider  SSBN Vizualizer |
For Project @ Starship [ Zone m
pr-owl:ObjectEntity "
@ Zone Context CONTEXT AREA
@ TimeStep — - i IsA(TimeSte rev
@ starship _ l tprev = Prev(t) I z = StarshipZone (st) l (T P, tprev)
0 SensorReport
5 Thput l IsA(Starship, st) l IsA({Zone, z) l IsA(TimeStep, t)
“ ¥l .
") & O INPUT AREA
. - Resident
For Project @ Starship CloakMode(st) ZoneMD(z, tprev)
~ pr-owl:Resident |:.
@ StarshipClass :
) StarshipZone Link Arrow
® subject / l ZoneMD(z, t) ZoneNature(z)
) ZoneEShips
& ZoneFships *
@ ZoneMD [
m i ZoneEShips(z
< B‘!rli Node Properties ZoneFShips(z) ps(z)

. RESIDENT AREA
na

For Project @ Starship

pr-owl:hasPossibleValues:

.

m la]
pr-owl:DomainMFrag . ZES_MoreThan3 -
® Zone ZES 3
& Transpaster Skolem ZES_2
) DangerTo5elf ZES_1
@ DangerToOthers ZES_0
) SensorReport L pr-owl:hasProbDist
© SRData v Z_ZoneEShips_decl_Quiddity

3 . Z_ZoneEShips_ddecl_Netica
) B i . pr-owl:hasArgument

."r






% Requirement: reason in the presence of

uncertainty about...
* Input data
* Existence of relationships among entities
* Strength of relationships
* Constraints governing relationships
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* Requirement: reason in the presence of

uncertainty about...

* Input data

* Existence of relationships among entities
* Strength of relationships

* Constraints governing relationships

% Solution: Bayesian inference

Combine expert knowledge with statistical data
Represent cause and effect relationships

Learn from observations

Prevent over-fitting

Clear and understandable semantics

Logically coherent

Pom sl b, St S S



29



WHY BNs ARE UNFIT FOR POgs?

BAYESIAN REASONING:
UPDATE PRIOR BELIEFS
AS EVIDENCE ACCRUES.
ALL NEW DATA CAN BE
CONSIDERED.

The Star Trek Problem: Discriminating
Starships and making decisions with
incomplete and uncertain knowledge  »



WHY BNs ARE UNFIT FOR POgs?

StarshipType

Cardassian 17.6
Friend 30.1
Klingon 24 8
Romulan 22.0

Unknown 9.00

Zone Nature

«— DeepSpace 80.0
PlanetarySystems  15.0
BlackHoleBoundary 5.00

|

~a
Cloak Mode

True 20.0
False 80.0

Sensor Report

T\

Cardassian 21.4
Friend =5
Klingon 18.8
Romulan 121
Unknown 16108

Magnetic Disturbance Report

Low 71.2
Medium 135
High 153

The Star Trek Problem: Discriminating
Starships and making decisions with
incomplete and uncertain knowledge



WHY BNs ARE UNFIT FOR POgs?

StarshipType

Cardassian 2.47
Friend 2
Klingon 29.9
Romulan 60.3
Unknown 4.94

Zone Nature

-

BlackHoleBoundary 100

DeepSpace 0
PlanetarySystems 0

|

~a
Cloak Mode

True 46.0
False 54.0

g

Sensor Report

Cardassian 12.1
Friend 12.1
Klingon 29.2
Romulan 320
Unknown 14.7

N\ |

Magnetic Disturbance Report

Low
Medium
High

0
0
100

The Star Trek Problem: Discriminating
Starships and making decisions with
incomplete and uncertain knowledge
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WHY BNs ARE UNFIT FOR POgs?

StarshipType

Cardassian 2.47 Zone Nature
Friend 2.47 «— | DeepSpace 0
Klingon 29.9 PlanetarySystems 0
Romulan 60.3 BlackHoleBoundary 100
Unknown  4.94

e

Cloak Mode
True 46.0
False 54.0

&
Sensor Report v

Eg;cri]gsaan g] Magnetic Disturbance Report

Klingon 29.2 Low 0
Romulan 320 M_edlum 0
Unknown 147 High 100

30



WHY BNs ARE UNFIT FOR POgs?

How about multiple starships
showing up at the same time? One

BN for each situation? 40



WHY BNs ARE UNFIT FOR POgs?

(Starship 1 Type) «—— (Starship 3 Type)

>
lﬁk Mode 1)<Z s D(Cloak Mo% i
P l S

(Sensor Report 1)

(Sensor Report 3)

(Magnetic Disturbance Report )

(Starship 2 Type) / \ (StarShII4 Type)

Cloak Mode 2) (Cloak Mode 4

Y
' (Sensor Rep;ta/ \(S_e?sor Report 4)

How about multiple starships
showing up at the same time? One
BN for each situation? 40



StarshipType

Cardassian 2.47
Friend 2.47
Klingon 29.9
Romulan 60.3
Unknown 4.94

Zone Nature

Lq— DeepSpace 0
PlanetarySystems 0
BlackHoleBoundary 100

S
Cloak Mode
True 48.0
False 54.0
&~
Sensor Report
Cardassian 12.1 v
Friend 121
Klingon 29.2 Low_
Romulan 32.0 M_ed|um
Unknown  14.7 High

Magnetic Disturbance Report

0
0
100




MEBN: FOL Expressiveness

(IsA(starship, st) )~ (IsA(Planet, p)) (IsA(Starship, st) Y(IsA(TimeStep, 1))

(IsA(Starship, s) )

(IsOwnStarshlp(s)) (—~(s st})

(ISA (TimeStep, t)) (IsOwnS‘tarship(s})

(OpSpec(st)) (HarmPotentlal(st t))

|

(IsA(Starship, st) XIsA(TimeStep, 1)) 1] (IsSA(TimeStep, tprev)) (tprev=Prev(t)) ©

(IsOwnStarship(s)) (-(s = st))
(DistFromOwn(st, 1))
¥

(IsA(Zone, z)) (z=8tar5hipZone(st)) :
(IsA(Starship, st) ) (IsA(TimeStep, 1)) |

(CloakMode(st)) (Exists(st) )

| SRClass(sr, 1)

Input Node |
Resident Node :
J

Legend

Y
SRDistance(sr, t))

Sensor Repor'r MFr*ag

Starship
Existence MFrag

((FLT::;;;S;:F;:S;Z tSZ::V)_PrEV(tD SDec:?g;rf'__ r:l:g DangerToselfs D) (DangerToOters(s, 1) (tizlnizr\.ﬂode(st]) (ZoneND(z, tprev)) 1
(RarmPotential(st )| | Danger To Others MFrag : Zone MFrag
S : : ZoneMD(z, 1) ZoneNature(z))
(PlanetDistFromOwn(p, t) ) | M et ol . ‘5/’ . ;
Transporter (Deflectorshields(st) )F | (fsA(Starship, 5) | (IsA(TimeStep, t)) | (ZoneFShips(z))  (ZoneEShips(z)) J
MFI“GQ (BeamAbility(st,t)) (StarshlpZOne(st)) Type(e) _—
e | (IsOwWnStarship( St)) Entity T Ti meSTep ' (IsA(Zone, ) ) (Exists(st) )
(IsA(SensorReport, sr)) I Starship Data Type MFrag Mfrag (IsA(Starship, st} )  (~IsOwnStarship(st))
MFr‘ug = (IsA(TimeStep, t))  (z=StarshipZone(st))
SR Data Mfrag (IsA(Starship, st) ) (IsA(TimeStep, tprev)) tprev=Prev(t) '
Tsa | | (SAStarship s )(sESubject(sn) Y(sATimeStep, 1) | i q;l oneF Ships(z)) ‘
SAM. ) ) MFrag | | (StarshipClass(sh) (DistFromOwn(st, 1)) | (ZO”QFSZ:]?ESNF)S(ZD (DistFromOwn(st, 1)) (OpSpec(st)

l ( StarshipClass(st) ) i
Pt ]
(HarmPotential(stt)) (CloakMode(st)) §

Starship MFrag



MEBN: FOL Expressiveness

(StarshipClass(!ST1) f Exists(IST1) j {z::neships(!z%\ n"Exists(!STz)“‘j StarshipClass(IST2))
/SRC,aSS{!gF{)\ l (OpSpecies(IST1) j« / |Z> V(ZnneNaiure(!ZDHOpSpecies(!STZ)) l ESRCIass(!Sﬂz) )
e e o W oy 15T

»(Z

IST1 (CloakMode('ST1)) oneMD(1Z0, ! TO (CloakMode(!ST2))

ISR1 e 5 ISR2
(GROance(SR1TT) (HarmPotential(!ST1, IT0)) ' (HarmPotential(!ST2, 1T0)) %

\ / ; X T /gaDistance(!SRZ, IT0))
(DistFromOwn(IST1, IT0)) , \ ‘.‘; DistFromOwn(!IST2, IT0))

¥ DangerToOthers(1S0, T =50 p—
(DangerToSelfl(!STO, 1T0)

Exists(IST4)
arship(:lass(!sm)

= %)
IST4 (OpSpecies(1ST4)) SRCIass(!SR‘iD
ISR4

(HarmPotential(1ST4, IT0)) & 3
CloakMode(!ST4))

(StarshipClass(!ST3))

~(Exists(IST3) )

kSRCIass(!gRS)D \ -
513 (:GMLE(!STS) \ e

7 OpSpecies(!ST3
ISR3 J pSpecies((ST3)) < ProtectOthers(IST0) >

(SRDistance(!SR3, 1T0)) | / \
\\ ( HarmPotential(!ST3, !STOD

Defense Action{!S0 DistFromOwn IST4, ITO)) SRDistance(ISR4, ITO
(DistFromOwn(IST3, 1T0)) (50) ( ( )i - € ( )

< ProtectSelf(1S0) >




Building blocks that collectively form a model
(MTheory)



MEBN FRAGMENTS

Building blocks that collectively form a model
(MTheory)

Fragment Graph

IsA(Starship, st IsA(TimeStep, t)
Context (IsA(Starship, st) ) (IsA(TimeStep, 1))
Nodes / (IsOwnStarship(s) )

OpSpec(st) HarmPotential(st, t)
Cardassian True
Inpuf Friend False
Nodes Klingon
Romulan
Unknown
Resident DangerToSelf(s, t)
Unacceptable
Nodes High
Medium
Low

THE DANGER TO SELF MFRAG



g PR-OWL

IMPLEMENTATION APPROACH



i PR-OWL

IMPLEMENTATION APPROACH

% Upper Ontology (e.g. OWL-S)

VS.
Semantic Extension (e.g. SWRL)



i PR-OWL

IMPLEMENTATION APPROACH

% Upper Ontology (e.g. OWL-S)

VS.
Semantic Extension (e.g. SWRL)

% Initial Approach: An upper ontology for
probabilistic systems

Has states e Is defined by ~"Probability
0]
- ' (hasPossibleValues) \ : # (hasProbDist)




MEBN MFrag

IsA(TimeStep, tprev)

IsA(Zone, z)
IsA(Starship, st)

IsA(TimeStep, t)

tprev = Prev(t)

PR-OWL Representation

<none=>

Z TprevPrevl context

Z TprevPrevT inner prevT

z = StarshipZone(st)

Z 7ZS7oneST context
Z 7ZS7ZoneST inner SZoneST

CloakMode(st)
ZoneMD(z, tprev)

Z CloakMode input
Z ZoneMD input

t=170

Z TequalTO inpu

ZoneMD(z, )

Z ZoneMD

ZoneNature(z) Z. ZoneNature
ZoneF Ships(z) Z. ZoneFShips
ZoneEShips(z) Z ZoneEShips

td PR-OWL

NMEBN/PR-OWL

34



MEBN MFrag

IsA(TimeStep, tprev)
IsA(Zone, z)
IsA(Starship, st)
IsA(TimeStep, t)

tprev = Prev(t)

z = StarshipZone(st)

CloakMode(st)
ZoneMD(z, tprev)

PR-OWL Representation

<none=>

Z TprevPrevl context

Z TprevPrevT inner prevT

Z 7ZS7oneST context
Z 7ZS7ZoneST inner SZoneST

Z CloakMode input
Z ZoneMD input

t=1T0
ZoneMD(z, )

Z TequalTO inpu

Z ZoneMD

ZoneNature(z) Z. ZoneNature
ZoneF Ships(z) Z. ZoneFShips
ZoneEShips(z) Z ZoneEShips

td PR-OWL

NMEBN/PR-OWL

(IsA(TimeStep, tprev)) (tprev=Prev(t))

(IsA(Zone, z)) (z=StarshipZone(st) ) |

(IsA(Starship, st) ) (IsA(TimeStep, 1) )

(CloakMode(st)) (ZoneMD(z, tprev))

)

Zone MFrag

(ZoneMD(z, t)

ZoneNatu re(z))

(ZoneF Ships(z)

Y
(ZoneEShips(z))

34



i PR-OWL

MEBN MFrag PR-OWL Representation
IsA(TimeStep, tprev)
IsA(Zone, z) . O
. <none>
IsA(Starship, st)
IsA(TimeStep, t)
Z TprevPrevl context
tprev = Prev(t)

Z TprevPrevT inner prevT

beta

Z 7ZS7oneST context (file:/Users/pc/Documents/Academia/Ontologies/Starship.pprj, OWL Files {.owl or .rdf))

z = StarshipZone(st = : _ 1
pLone(st) Z 7SZoneST inner SZoneST | |[E|E|<|» ¢ -’-TQSpmtégé
CloakMode(st) Z CloakMode_input ) OWLClasses B Properties = Forms 4 Individuals = @ Metadata |
ZoneMD(z, tprev) Z ZoneMD_input INDIVIDUAL EDITOR EI=[F T
t=1T0 7 TequalTO illpll pr-owl:Domain_M... For Individual 4 Zone_MFrag (instance of pr-owl:Domain_MFrag)
ZoneMD(z, 1) Z_ZOHEN_'ID_ rted | Inferred ' f Mame | Samefs  DifferentFrom _' [ J Annotations |_{T] .E“?l ﬁ-| [st
’ — ) [‘}I .‘.lﬁ:‘g - : Property Value Lang
ZoneNature(z) Z ZoneNature 2one_Mrrad 9
ToOthers_MFrag —_—
ZGHEFS}II?S(Z) Z_ZOIIEFShipS ToSelf_MFrag rdfs:comment e
ZoneEShips(z) Z ZoneEShips eporLiitrag

MFrag

. P =W IOy

-

¥ o opr-

pr-owlBooleanRW5tates
pr-owl.CategoricalRV5tates
pr=owl:MetaEntity
pr-owl:0ObjectEntity
owl:MFrag
pr=owl:Domain_MFrag (9]
pr-owl:Finding_MFrag

i jeany (1

# Starship_MFrag

& StarshipDarta_MFrag

& StarshipExistence_MFrag
& TimeStep_MFrag

# Zone_MFrag

(IsA(TimeStep, tprev)) (tprev=Prev(t))

(IsA(Zone, z)) (z=StarshipZone(st) )

(IsA(Starship, st) ) (IsA(TimeStep, 1))

(CloakMode(st)) (ZoneMD(z, tprev))

Zone MFrag

ZoneNature(z))

™[]

O_::-l owlisMFrag O ‘}

Q@pl owl:hasOVariable !é|'ﬁ, Q@[:-' owl:hasContextNode ‘

& starship_MTheory

-

@ pr=owl:hasNode ‘¢

& Z_st & 7_TprevPrevT _context
& Z_tprev & Z_Z5ZoneST _context

Y &1z # Z_TprevPrevT _inner_prevT
L & Z_I5ZoneST _inner_5ZonesT

& Z_TprevPrevT_context
& Z_757oneST_cantext

& Z_TprevPrevT_inner_prevT
& Z_I5FoneST_inner_SZonesT

& Z_TequalTO_input
& 7_FoneMD_input
# Z_CloakMode_input
& 7_FoneNature

& Z_ZoneEShips

& Z_ZoneF5hips

& Z_ZoneMD

@Ipl owl-hasSkolem |¢| Q, ®

@ pr-owl:hasResidentNode i
& Z_ZoneNature

[ | | Z_ZoneEShips
@ pr-owlhasinputNode !é t: *’:: *Z v
& Z_TequalTO_input

& Z_ZoneFships
Z_ZoneMD

& Z_ZoneMD_input ¢

& Z_CloakMode_input
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% Major Challenges:
% Lack of full MEBN reasoners

% Achieve a balance between complexity and
interoperability

% High Priority Objectives:
% Develop a lite version of PR-OWL
% W3C member submission for PR-OWL

% Implementation of the Protégé Plugin






LOGICAL VS. PLAUSIBLE

Three binary variables

%2




LOGICAL VS. PLAUSIBLE

Three binary variables

2’ =8 possible combinations
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LOGICAL VS. PLAUSIBLE

Does mom have transportation to the doctor tomorrow?




LOGICAL VS. PLAUSIBLE

Does mom have transportation to the doctor tomorrow?

1) Yes, if Lucy or Pete gives her a ride.
Otherwise, no.




LOGICAL VS. PLAUSIBLE

Does mom have transportation to the doctor tomorrow?

1) Yes, if Lucy or Pete gives her a ride. e

Otherwise, no. Yes | 7 | 75%
No ? 25%

‘ . .
‘ . .




LOGICAL VS. PLAUSIBLE

Does mom have transportation to the doctor tomorrow?

1) Yes, if Lucy or Pete gives her a ride.

Otherwise, no. Yes | 7 | 50%
2) Pete can't make it tomorrow.

Logical | Plausible

No ? 50%




THE ONTOLOGY SPECTRUM
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THE ONTOLOGY SPECTRUM

Strong

Semantics
From:

(DaConta et al., 2003, page 157)

Modal Logic

First Order Logic

Logical Theory
Description Logic

OWL
UML

Conceptual Model
XTM
Extended ER

Thesaurus
ER

Is Disjoint Subclass
Of, with transitivity

property
Is Subclass Of

Has Narrower Meaning
DB Schemas, XML Schema

Taxonomy

Relational
Model, XML

Weak DaConta, M. C., Obrst, L. J., & Smith, K. T. (2003). The Sematic Web: A guide to the future of
Semantics XML, Web services, and knowledge management. Indianapolis, IN: Wiley Publishing, Inc.

Is Sub-Classification Of






SYSTeEM INTERACTION

p
SYSTEM A
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SYSTEM B




SYSTEM INTERACTION
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SYSTEM INTERACTION

3 PR

e e "

o

nwp w n 2 2 2 2

~)} ([~ ) < ©) ™ o)
B & @ @ 6 6 @




SYSTEM INTERACTION
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SYSTEM INTERACTION
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SYSTeEM INTERACTION
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SYSTeEM INTERACTION

& 4

SYSTEM A SYSTEM B
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Data | Application | Funcional
Integration Integration Integration




SYSTeEM INTERACTION

(

Processo

SYSTEM A

Processo

Processo

m% ——

Data | Application | Funcional
Integration Integration Integration

SYSTEM B




SYSTeEM INTERACTION

p
SYSTEM A

SYSTEM B

Processo |+

Processo Processo

m% ——

Data | Application | Funcional |
Integration Integration Integration I




