CS 681 Fall 2008
Designing Expert Systems

Ontalony Dasisgn 915 Davalovant

Prof. Gheorghe Tecuci
tecuci@gmu.edu
http://lac.gmu.edu/

Learning Agents Center
and Computer Science Department
George Mason University



Overview

Ontology Representation: Theory and Hands-on

Reasoning with an Ontology

Ontology Development and Maintenance

Ontologies and the Semantic Web

Project Discussion and Readings

a 2008, Learning Agents Center



Sample Agent Used in lllustrations

PhD Advisor Assessment Agent (PAD Agent)

Selecting a PhD Advisor is a crucial decision for a successful dissertation and
the studentds future career which r

1. What is the reputation of the director within the professional community at large?

2. How responsive is the director? How long does it take to return written material
with comments? Is the director a good editor?

3. How accessible is the director for discussion?
4. |s the director likely to remain on the faculty for the duration of your PhD program?

5. How many students does the potential dissertation director work with?
If none, why?
If a large number, does this affect the attention that is paid to individual students?

6. How much time is spent away from campus during the semester?
Is the potential director available during the summer?

.. . (many other gquestions)
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What Is an Ontology

An ontology is a specification of the terms that are used
to represent the agentos worl

In an ontology, definitions associate names of entities in the
agent 0 ge.gwaassksdindividual objects, relations, probler
with human-readable text and formal axioms.

The text describes what a name means.
The axioms constrain the interpretation and use of a term.

Examples of terms from the ontology of the PAD Agent:
student, PhD student, professor, course, publication
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Object Ontology

We define an object ontology as a hierarchical
descri ption of the objects fr
specifying their properties and relationships.

It includes both descriptions of types of objects (called

concepts, such @®fessaorcoursgand descriptions of
Individual objects (called instances, suckc&858®rCS68).
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Ontology: lllustration

object

Hoconcept.of

(publicatioﬁ)
course s \

. direct supconcept of

direct subconcept of ) professo
article :
3 direct subconcept of

Qniversity cour@ direct supconcept of
@ssociate profes%yr
in @)urnal artic@ 5

instance of

inst%nce of
has as author
Doe 2000 - »( Joh

» John Doe
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Why is the Definition of the Ontology Important?

An agentos ontology enabl es
with other agents by declaring the terms that the agent
Aunder st andso.

Ontologies enable knowledge sharing and reuse among
agents that may share a common vocabulary (terms)
which they understand.

Ontological commitment:
Agreement among several agents to use a shared
vocabulary in a coherent and consistent manner.
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The Generality of the Object Ontology

An object ontology is characteristic to an entire
application domain, such as education, military or
medicine.

In the military domain the object ontology will include
descriptions of military units and of military equipment.
These descriptions are most likely needed in almost any
specific military application.

Because building the object ontology is a very complex
task, it makes sense to reuse these descriptions when
developing a knowledge base for another military
application, rather than starting from scratch.
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Instances, Concepts and Generalization

A concept (or class) is a general representation of what
IS common to a set of instances (individuals). It may be
regarded as a representation of that set of instances.

| 4

Represents the set of all

( professor ) professors (which includes
Amanda Rice and Dan Smith)

INSTAMNCE-OF INSTANKE-OF

Represents

CAmanda Rice) ( Dan Smith ) Dan Smith

An instance (individual) is a representation of a particular
entity in the application domain.
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Definition of Generalization

Intuitively, a concept P is said to be more general than (or a
generalization of) another concept Q if the meaning of the
representation of P is included into that of Q.

Mathematically, P is said to be more general than Q if, and
only if, the set of instances represented by P includes the set

of Instances represented by Q.

@ @&

person

university employee

faculty staff
mem ber member

We write:
st uslleconteptofper sono
Ast usbbecladsofper sono
Ast uideepnetr sono

-
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A Generalization Lattice / Hierarchy

person

direct subconcer

@niversity employea

direct subcencept of

Cstaff membeD Gaculty membeD

5 undergraduate
Irect gubconeept of (gsrt't d‘gﬁf} student

direct subgoncept of

Lol @.S. studenD

(pro;g!sor> (M.S. studenD CPh.D. studenD
Y T

assistant associate
professor professor
{k

instance of Instance/of instange of

instance of instance of

C]ohn Smith) CJohn Doe) CJane Austin> CJoan Dean) @ob Shar@
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Generalization (cont.)

What are the possible relationships between two concepts
A and B, from a generalization point of view?

Provide examples of concepts A and B in each of the
possible relationships.
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Generalization (cont.)

How could one prove that A is more general than B?

=

Is this always a practical procedure?

How can one prove that A is not more general than B?

= O

|s this a more practical procedure?
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Installing Disciple

Install Disciple from:

http://129.174.113.212/wbal/idisciplesetup-v2008.09-PAD.exe

Provide any login and password.

Start Disciple v2008. 09 PAD
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Systern | Ontology Rules Scenaric Reasoning KB Reports Help

o

Knowledge Manager
Sawve All

Options

Exit

er

- HEHO

Select
System
A Knowledge Manager
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»

System Ontology Rules Scenario Reasoning KE Reports Help

[System ‘Warkspace Manager

Knowledge Manager

) repository
=-[0} PAD

1. Click on the leaf KB

want to work with

O

/2. Click on Select.
The KB Manage
closes and the
selected KB open

\ as the current K

UJ

Domain | Hierarchy I States | Locks|

center of graviby CGCY
cenker of gravity COG
emergency planning VPT
intelligence analysis LTA

Save

Select ]

Load|Save
Load
Save

Save & Copy

Close
Create
Directory
Domain KB
Scenario KB

State KB

Delete

Delete

KB Versioning
Checkout
Caommit
Unlock
Disciple Repositories
Release
Include
Translate

Impaort

Expart

ko

[] show histary

[] save every mins

L ———ryr




Disciple

System Ilﬂrﬂ:u::nlu::ng*_n,nr Rules Scenario Reasoning KB Reports Help

o

repe

Object Browser

Feature Browser

Tree Browser

Association Browser
Hierarchical Browser

KE Integration

Ordered Set of Intervals Browser

KE Validation

Select
Ontology
A Hierarchical Browser

- HEEHO
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Systern | Ontology Rules Scenaric Reasoning KB Reports Help

o

Knowledge Manager
Sawve All

Options

Exit

er

- HEHO

Select
System
A Save All
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Hands-on: Browsing a Generalization Hierarchy

Hierarchical Browser

Histary

Browse repository'\PAD-cwv-071005-0"CS580

ohject E]

Mawvigate

Expand Wiew ]Z

Reduce View ]

_ | Modify

Root Object

Foot Feature |

Find

[
[
[ Ratate View
|
|
[
[

w Associatign ]

History
Back \

™)

//

Expand/Reduce tr
to show more/few
hierarchy levels

Rotate the treelf
better viewin

=

Forward ‘\

View Edit ——
[ Wiew ]

locate an obje

Invoke the Finde;

he..
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Developing a Hierarchy of Concepts and Instances

Object Browser

the selected element

Expand/Collapse the subtjee of

Browse repository'\PAD-cwv-071005-0"C5580

i [Z-orgamzation

i [Ehemployer
B o i ituion)

P [H-untversity

i [E-person

: [+-student

El -graduate student

.+ p-DS student
=% PhD student

P el -:uutEt.:cx
El ‘undergraduate student
E +--BS student
Et unrversity employee

(- faculty member

I}} PhD advisor

..... fw 1 Saoih
vl Knox
¢ eJohn Doe
: einstructor
i [=professor
: -assistant professor
i bl Enox

m

j/ Dlsplay the selected eleme
]

1 > 2

[ Ef’p':n":‘:” in Object Viewer / Associgti
[ Collapse Al ]' Browser / Hierarchica
[ view ] Browser
[ w Assaciation ]/
ET— [ Invoke the Finder to locate an o
[ Find -]—-‘Z
[ Edit ,[ Rename the selected eIerﬂtent
Fenamsa
[ Medfy | Invoke the Object Editof to
{ 20l L\Q/Iodify the selected element
Deleta
[—E'inhuarﬂ ] | Delete the selected eIem]ent
Copy
[ Paste ]
[aw
[ cmem ] L—"Define a subconcept / instanc
[ Instance ]

the selected concept
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Define a Sub-concept of the Selected Concept

Object Browser

Browse repnsitnry"-.,PAD—::wv—?l

1. Click on the concept name to selec]t it

:.ﬁ.""

J

I:%jl"ﬂgen’[ o Browse
e 3. Write the name of the
| et et ~__Subconcept and click retur
- schoo] ———
G- unrversity [ # Assaciation ]
. [E-person rr———
: E:I' Etulj.ﬁnt i lerarcnica
. [-graduate student = | Find |
i MB35 student Edi
. &-PhD student
: , _____ Bob Sharp [ Fename ]
P i John Black [ MadiFy ]
El unde te student :
....Br?:tduugeits . 5 [ Seript ]
; = university employee | Delete |
. —Eliphuan:l .
2. Click olnfckeoncepto
I S [ Paste ]
' """ W aw
w-John Dog
. -instructor $ Cancept ]
E}--pmf&ssnr [ Instance ]
: [--assistant professor -

4 200 e
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Hands-on: Object Browser

Use the Object Browser to extend the ontology of the
PAD Agent witlyraduate research assistant, teaching
assistant, undergraduate teaching asarsiasgyeral
Instances.
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Guidelines for Generalization Hierarchies

Well-structured Hierarchies: Siblings

Instance or Concept?

Naming Conventions

Automatic Support
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Object Features

The objects in the application domain may be described
In terms of their properties and their relationships with
each other.

@ssociate?profess@ @niversit@

instance of Instanice of
has as employer
@Iark Whi@ 2 =@eorge Mason Univers@

Mark White has as employer George Mason University
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Hands-on: Browsing the Objects and Their Features

|| Object Browser

Assaciation Browser

nvoke th

Browser o

selected object

ﬁ Inviok& fhé Finel

t lodate ah objdtie

Browse repository', PAD-cwv-071005-04 (5580

[ PhD adwvisor H assoclate professor ]

[ has as author

N

Click on an object or
feature to view it with|the
NASSOCI

ati

———— | John Doe

on

\\[ is expert in ]—Lm;ﬁaarmmggmq

\

’ has as employer l—|Ge-:Irge Mason University|

has as position

Browser 0O

4
)
-awvigate

Root Object
Root Feature

| Find |
‘[ » Higrarchical ]

Histary
[ Back ]
[ Foraard ]

View/Edit——
[ Wiew ]

| Modify |

I

Jiptions

Super
Sub
From
Ta

io C a
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Hands-on: Object Browser and Object Viewer

a 2008, Learning Agents C

Object Browser

Browse repository',PAD-cwv-071005-0\CS580

[=-object
[}-agent
. [#]-orgamzation
=-person
[-student
[=}-unrversity employee
- faculty member
EHPhD advisor
- Amanda Rice
b-Lan Snith
-l Enox
W 7 Dos
-~ nstructor
=}-professor
E]--ﬂs_sistmt professor
-l Enox
[=-associate professor
- -Amanda Rice
i John Doe
=-full professor
L Dan Swath
#-staff member
[+}-course
[#}-criterion
[t}-criterion type

[+}-position

[-publication
[+}-rezearch area

:b‘iew John Doe

[ Expand Al ] John Doe
[ coloment ]
o View
| »Association | |; ierarchy position il
[ » Hierarchical ] Super-concepts
assoclate professor
Edit
[ Fename ]
| Madify |
Script
I
Dele Features &
[ == ] Feature values
_CIIFIIZIEIEI"E' EI]!I&S as emplu::rrer
[ Copy | I | George Mason Uhiversity
[ Pasta ] Elhas as position
i elenured posfion
Maw E|---is_e:q:nert n
[ F act ] - Ariificial Infelligence
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Feature Definition

has as employer
@Iark Whi@ Py =@eorge Mason Univers@

C feature )

subconcept-of

documentation

»'Indicates the employer of a person”

@as as employeg domain =< person )
range =<emp|oyer>

An object feature is itself characterized by several features which
Include: documentation, domain and range.

The domain is the concept that represents the set of objects that
could have that feature.

The range is the set of possible values of the feature.
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Partially Learned Feature

has as employer
@Iark Whi@ oy =@eorge Mason Univers@

( feature )

3 "Indicates the employer of an individual"
subconcept-of _ @
tation

plausible upper bound: C person >

plausible lower bound: Cprofessor)

(has as employer

plausible upper bound: (employer)

plausible lower bound: (university)
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