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Discussion: Actions, Situations, Events & Time
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KSOL course page: http://snipurl.com/v9v3
Course web site: http://www.kddresearch.org/Courses/CIS730
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Reading for Next Class:
Section 10.3, p. 328 — 340, Russell & Norvig 2" edition
Fluents: http://en.wikipedia.org/wiki/Fluent %28artificial i ntelligence%?29
Situation calculus: http://en.wikipedia.org/wiki/Situation calculus

KM: http://en.wikipedia.org/wiki/Knowledge management
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Reading for Next Class: Section 10.3 (p. 328 — 340), R&N 2¢
Last Week: Reasoning Architectures
Production systems: Rete algorithm (CLIPS, JESS, OP S5, ArtEnterprise )
Theorem provers: resolution (Prolog inference engin e)
Ontology reasoners: Protégé-OWL, etc.
Last Class: Prolog in Brief, K _nowledge E ngineering (KE), Ontologies
Prolog examples
Introduction to ontologies and ontology design
Description logics:
(extended ) and Web Ontology Language (OWL)

Today: K nowledge E ngineering (KE), Protocol Analysis, Fluents
Concept elicitation techniques: unstructured, struc tured, protocol analysis
Representing time, events: from situation calculus to event, fluent calculi
Preview: K nowledge a cquisition (KA) and capture
Next: Computational i _nformation and k_nowledge m anagement (CIKM)

Coming Week: CIKM, Logical KR Concluded; Classical Planning
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* Concepts (formulae)
— E.g., Person, Doctor, HappyParent, (Doctor LILawyer)
* Roles (modalities)
— E.g., hasChild, loves
* Individuals (nominals)
- E.g., John, Mary, Italy
* Operators (for forming concepts and roles) restricted so that:
— Satisfiability/subsumption is decidable and, if possible, of low complexity

— No need for explicit use of variables

* Restricted form of 3 and V (direct correspondence with (i) and [i])

— Features such as counting (graded modalities) succinctly expressed

MANCHESTER

© 2006 I. Horrocks, University of Manchester http://bit.ly/100h4X
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* A TBoxis a set of “schema” axioms (sentences), e.g.:

{Doctor — Person,
HappyParent <> Person A [hasChild](Doctor V {hasChild)Doctor)}

— i.e., a background theory (a set of non-logical axioms)

* An ABox is a set of “data” axioms (ground facts), e.g.:

{John — HappyParent,
John — (hasChild)Mary}

— i.e., non-logical axioms including (restricted) use of nominals

* A Knowledge Base (KB) is just a TBox plus an Abox

MANCHESTER

Adapted from slides © 2006 I. Horrocks, University o f Manchester http://bit.ly/100h4X
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OWL Syntax DL Syntax | Example
subClassOf C1 C C» | Human C Animal 1 Biped
equivalentClass C1=C> | Man =Humanr Male
subPropertyOf P; C P, | hasDaughter C hasChild
equivalentProperty | P; =P, | cost = price
transitiveProperty pt CP ancestort C ancestor

OWL Syntax | DL Syntax | Example

type

property ‘ (

a.C
a,b) : R

John : Happy-Father
(John, Mary) : has-child

* OWL ontology equivalent to DL KB (Thox + Abox)

© 2006 I. Horrocks, University of Manchester

http://bit.ly/100h4X
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OWL exploits results of 15+ years of DL research
Well defined (model theoretic) semantics

Formal properties well understood (complexity, decidability)
Known reasoning algorithms

Implemented systems  (highly optimised)

Adapted from slides © 2006 I. Horrocks, University o~ f Manchester

http://bit.ly/100h4X

/0 !'1 1 2 23

“Concept” and “Class” are used synonymously
Aclassis a in the domain

a class of wines
a class of wineries
a class of red wines

Aclassis a of elements with similar properties
of classes

a glass of California wine you’ll have for lunch

Adapted from slide © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu




Classes usually constitute a (a subclass-
superclass hierarchy)

A class hierarchy is usually an 1S-A hierarchy:

an instance of a subclass is
an instance of a superclass

If you think of a class as a of elements, a subclass is a

© 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu

Apple is a subclass of Fruit
Red wine is a subclass of Wine

Chianti wine is a subclass of Red wine

© 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu
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© 2005 N. Noy & S. Tu

Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu

Slots, Attributes, and Relations: synonymous
Slots in class definition C

Slots for the Concept/Class

Adapted from slides © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu




Types of properties

“intrinsic” properties: and of wine
“extrinsic” properties: and of wine
parts: in a dish

relations to other objects: of wine (winery)

Simple and complex properties
simple properties (attributes): contain primitive values
(strings, numbers)

complex properties: contain (or point to) other objects
(e.g., a winery instance)

Based on slide © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu
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A subclass from the superclass

If a class has superclasses, it inherits slots from all of them

© 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu




Property constraints ( ) describe or limit the set of possible values

for a slot

Facets for slots in the class

© 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu
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Tabs partition
different work
areas

< —

Buttons and widgets
for manipulating
slots

Area for
manipulating the
class hierarchy

Based on slide © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu
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Protégé user’s guide
http://protege.stanford.edu/doc/users _guide/index.h tml

Protégé 101 tutorial

http://bit.ly/178E6v

FAQ

http://protege.stanford.edu/faq.html

Adapted from slide © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu

Advanced approaches to KB and agent development

© 2001 G. Tecuci, George Mason University
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Intelligent Agent

% | Knowledge Base

Domain
Expert

Knowledge
Engineer

Dialog

<

7

Programming

Results

A knowledge engineer attempts to understand how as  ubject matter expert
reasons and solves problems and then encodes the ac ~ quired expertise into the
agent's knowledge base.

The expert analyzes the solutions generated by the agent
(and often the knowledge base itself) to identify e rrors, and
the knowledge engineer corrects the knowledge base.

© 2001 G. Tecuci, George Mason University
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Adapted from:

/ A
GG. Buchanan, D. Barstow, R. Bechtal, J. Bennett, VV\
Clancey, C. Kulikowski, T. Mitchell, D.A. Waterman,

Constructing an Expert System

in F. Hayes-Roth, D. Waterman and D. Lenat ( eds.),
Building Expert Systems , Addison-Wesley, 1983, pp.

KZI.27-168. J

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The director of ORNL faces a problem. EPA regulatio
forbid the discharge of quantities of oil or hazard ous
chemicals into or upon waters of the United States,
ORNL has approximately 2000 buildings on a 200

sites entering White Oak Creek. Oil and hazardous
chemicals are stored and used extensively at ORNL.

these materials.

ns

when this discharge violates specified quality stan dards.

square mile government reservation, with 93 dischar  ge

The problem is to detect, monitor, and contain spil Is of

=

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Develop a computer system that incorporates the exp ertise
of people familiar with spill detection and contain ment
(i.e., a knowledge-based system, expert system or agent).

ﬁ knowledge engineer is assigned the job of buildin g \
the system.

The knowledge engineer becomes familiar with the pr ~ oblem
and the domain.

The knowledge engineer finds an expert on the subje  ct

who agrees to collaborate in building the system. J

© 2001 G. Tecuci, George Mason University
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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" The knowledge engineer and the expert have a series  of
meetings to better identify the problem and to char acterize it
informally. They decide to concentrate on identifyi ng, locating,
\ and containing the spill:

When an accidental inland spill of an oil or chemic al occurs,
an emergency situation may exist, depending on
the properties and quantity of the substance releas ed,
the location of the substance, and whether or not
the substance enters a body of water.
The observer of a spill should:
1. characterize the spill and the probable hazards,
2. contain the spill material,
3. locate the source of the spill and stop any furth er release,
4. notify the Department of Environmental Management

y

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The knowledge engineer schedules numerous meetings with the expert to uncover basic
concepts, primitive relations, and definitions need ed to talk about and understand this

problem and its solutions. The following is a sampl e dialogue between the knowledge
\ engineer and the expert:

KE: Suppose you were told that a spill had been detected in White Oak
Creek one mile before it enters White Oak Lake. What would you do to
contain the spill?

SME: That depends on a number of factors. | would need to find the source
in order to prevent the possibility of further contamination, probably by
checking drains and manholes for signs of the spill material. And it helps

to know what the spilled material is.

KE: How can you tell what it is?

SME: Sometimes you can tell what the substance is by its smell. Sometimes
you can tell by its color, but that's not always reliable since dyes are used a
lot nowadays. Oil, however, floats on the surface and forms a silvery film,
while acids dissolves completely in the water. Once you discover the type

of material spilled, you can eliminate any building that either don't store

the material at all or don't store enough of it to account for the spill.

Adapted from slides © 2001 G. Tecuci, George Mason U  niversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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As a result of such dialogues, the knowledge engine er identifies
a set of concepts and features used in this problem

« Task: Identification of spill material

« Attributes of spill
Type of spill: Oil, acid
Location of spill: <A set of drains and manholes>
Volume of spill: <A number of liters>

« Attributes of material
Color: Silvery, clear, etc.
Odor: Pungent/choking, etc.
Does it dissolve?
Possible locations: <A set of buildings>
Amount stored: <A number of liters>

V'

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/

mng conceptualization, the knowledge engineer al so selects a \

general system-building language or tool for implem enting the knowledge
based system.

It was determined that the data are well-structured and fairly reliable
and that the decision processes involve feedback an d parallel decisions.

This suggests the use of a rule-based language.
Therefore the knowledge engineer decides to use the rule-based
language ROSIE.

ROSIE provides a general (rule-based) inference eng  ine, as well as
a formalism for representing the knowledge in the f orm of assertions
about objects and inference rules.

\Q\OSIE could be regarded as a very general expert sy  stem shell. j

Adapted from slide © 2001 G. Tecuci, George Mason Un iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The knowledge engineer attempts to represent the co  ncepts
in ROSIE's formalism:

ASSERT each of BUILDING 3023 and BUILDING 3024 is a building.
ASSERT s6-1 is a source in BUILDING 3023.
ASSERT s6-2 is a source in BUILDING 3024.
ASSERT s6-1 does hold 2000 gallons of gasoline.
ASSERT s6-2 does hold 50 gallons of acetic acid.
ASSERT each of d6-1 and d6-2 is a drain.
ASSERT each of m6-1 and m6-2 is a manhole.
ASSERT any drain is a location and any manhole isa  location.
ASSERT each of diesel oil, hydraulic oil, transform er oil and gasoline is an oil.
ASSERT each of sulfuric acid, hydrochloric acid and acetic acid is an acid.
ASSERT every oil is a possible-material of the spil |

and every acid is a possible-material of the spill.
ASSERT the spill does smell of [some material, e.g. gasoline, vinegar, diesel oil].
ASSERT the spill does have [some odor, e.g., a pung  ent/choking, no] odor.
ASSERT the odor of the spill [is, is not] known.
ASSERT the spill does form [some appearance, e.g.,  a silvery film, no film].
ASSERT the spill [does, does not] dissolve in water

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The knowledge engineer now uses the identified conc epts to represent the
expert's method of determining the spill material a s a set of ROSIE rules:
o

To determine-spill-material:

[1] IF the spill does not dissolve in water
and the spill does form a silvery film,
THEN let the spill be oil.

[2] IF the spill does dissolve in water
and the spill does form no film,
THEN let the spill be acid.

(continued on next slide)

Adapted from slide © 2001 G. Tecuci, George Mason Un iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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[3] IF the spill = oil
and the odor of the spill is known
THEN choose situation:
IF the spill does smell of gasoline
THEN let the material of the spill be gasoline with certainty .9;
IF the spill does smell of diesel oil
THEN let the material of the spill be diesel oil wit  h certainty .8.
[4] IF the spill = acid
and the odor of the spill is known,
THEN choose situation:
IF the spill does have a pungent/choking odor
THEN let the material of the spill be
hydrochloric acid with certainty .7;
IF the spill does smell of vinegar
THEN let the material of the spill be
acetic acid with certainty .8.
End. ’
Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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.
The knowledge engineer shows the rules to the exper  tand
\asks for reactions:

KE: Here are some rules | think capture your explanation about
determining the type of material spilled and eliminating possible spill
sources. What do you think?

SME: Uh-huh (long pause). Yes, that begins to capture it. Of course if
the material is silver nitrate it will dissolve only partially in the water.

KE: | see. Well, let's add that information to the knowledge base and
see what it looks like.

Adapted from slide © 2001 G. Tecuci, George Mason Un iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The knowledge engineer may now revise the knowledge base by
reformulating basic domain concepts, and refining t he rules.

Delete: ASSERT the spill [does, does not] dissolve in water.

Add: ASSERT the solubility of the spill is
[some level - high, moderate, low].

Modify: [1] IF the solubility of the spill is low
and the spill does form a silvery film,
THEN let the spill be oil.

Add: [1.5] IF the solubility of the spill is moderate,
THEN let the material of the spill be silver-nitrate
with certainty .6

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Defining problem to solve and system to be built:

requirements specification j

Understanding the expertise domain

Feedback
loops
Choosing or building an agent building tool: among all
Inference engine and representation formalism phases
Development of the object ontology Iﬁ

Development of problem solving rules or methods

Refinement of the knowledge base

Adapted from slide © 2001 G. Tecuci, George Mason Un iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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ﬁy eliciting the expert's conception of his/her \
expertise domain we mean determining which
concepts apply in the domain, what they mean,
what their relative place in the domain is, whatth e
differentiating criteria are for distinguishing the
similar concepts, and what the organizational
structure is that keeps these concepts coherent

\for the expert. J

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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(based primarily on Gammack, 1987)

© 2001 G. Tecuci, George Mason University
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Ask the expert to prepare an introductory talk
outlining the whole domain, and to deliver it as a
tutorial session to the knowledge engineer

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Questions and alternative responses are open-ended

Example (the interview illustrated before in the “s pill” application):

KE: Suppose you were told that a spill had been detected in White Oak
Creek one mile before it enters White Oak Lake. What would you do to
contain the spill?

SME: That depends on a number of factors. | would need to find the source
in order to prevent the possibility of further contamination, probably by ...

Used when the KE wants to explore an issue

Difficult to plan and conduct

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Questions are fixed in advance
Types of structured questions

« Multiple-choice questions (offer specific choices, faster tabulation,
and less bias due to the way the answers are ordered)

 Dichotomous (yes/no) questions

« Ranking scale questions (ask the expert to arrange items in a list in
order of their importance or preference)

Used when the KE wants specific information

Goal-oriented

Adapted from slide © 2001 G. Tecuci, George Mason Un  iversity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Protocol analysis (think-aloud technique)

Systematic collection and analysis of the thought p rocesses or
problem-solving methods of an expert.

Protocols (cases, scenarios) are collected by asking experts to solve
problems and to verbalize what goes through their minds, stating
directly what they think. The solving process is carried out in an
automatic fashion while the expert talks.

Knowledge engineer does not interrupt or ask questions.

Structuring the information elicited occurs later when the knowledge
engineer analyzes the protocol.

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Elicitation experiment in the domain of
domestic gas-fired hot water and central
heating system (Gammack, 1987).

Initial interview resulted in about 90 nouns or compound
nouns, both concrete and abstract in nature.

The expert edited this list by removing synonyms, slips of
the tongue, and other aberrant terms, which reduced
the list to 75 familiar concepts.

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The expert initially considered the dictionary definition of these concepts
to be adequate, but since there is no guarantee that the expert's own
definition necessarily matches the dictionary one, a personal definition
of the concepts was given. This produced a few new concepts, such as
"fluid", "safety", and "room".

The definitions indicated that sometimes a concept went beyond the level
of detail given in a general purpose dictionary and sometimes it meant
one very specific idea in the context of the domain.

This illustrates an important issue:

Much human expertise is likely to consist in the personal and semantic
associations (connotative meaning) that an expert brings to domain
concepts and may result in the invention or appropriation of
personalized terms to describe esoteric or subtle domain phenomena g~

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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The domain glossary obtained characterized the
component parts of a central heating system, such as
thermostats and radiators, but also included general
physical terms such as heat and gravity.

A second path through the transcript yielded 42 relational
concepts, usually verbs (contains, heats, connects to,
etc.). These concepts will be used later to label
relationships between the discovered concepts.

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Strengths

« gives the knowledge engineer an orientation to the domain.
» generates much knowledge cheaply and naturally.

* not a significant effort for the expert.

Weaknesses
« incomplete and arbitrary coverage

« the knowledge engineer needs appropriate training and/or
social skills

Based on slide © 2001 G. Tecuci, George Mason Univer  sity
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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Event calculus

Situation Flgure 103
calculus .
Figure 10.2 p. 336 R&N 2¢
p. 329 R&N 2¢

State fluents

Figure 10.6

p. 340 R&N 2¢

Adams Jefferson
Washington

Figures © 2003 S. Russell & P. Norvig. Reused with  permission.

Event Calculus : Reasoning about Entities over Time, Space
Fluent Calculus : Variant of Situation Calculus

Conditions (predicates) that can change over time

Defaults

(concatenation)

( %* o n
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Information M_anagement
Data acquisition: instrumentation, collection, poll ing, elicitation
Data and information integration: combining multipl e sources
May be heterogeneous (different in quality, format, rate, etc.)
Underlying formats, properties may correspond to di fferent ontologies

Ontology mappings  (functions to convert between ontologies) needed

Data transformation : preparation for reasoning, learning

Preprocessing
Cleaning
Includes knowledge capture : assimilation from various sources
Knowledge M anagement
Term used most often in business administration, ma nagement science
Related to IM, but capability and process-centered
Focus on learning and KA, organization theory, deci sion theory

Discussion, apprenticeship, forums, libraries, trai ning/mentoring

Modern theory: KBs, E_ xpert S ystems, D ecision S upport S ystems
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Knowledge E ngineering (KE): Process of KR Design, Acquisition
Knowledge
What agents possess (epistemology) that lets themr  eason
Basis for rational cognition, action

Knowledge gain (acquisition , learning ): improvement in problem solving
Knowledge level (vs. symbol level): level at which agents reason
Semantic network : inheritance and membership/containment relationsh ips
Knowledge elicitation : KA/KE process from human domain experts

Protocol analysis : preparing, conducting, interpreting interview

Less formal methods: subjective estimation & probabilities

Fluents : Conditions (Predicates) That Can Change over Time
Classes, nominals (objects / class instances): spat  ial, temporal extent
Fluent calculus : situation calculus with defaults, (concatenation)

Computational | _nformation and K_nowledge M anagement (CIKM)
Data/info integration & transformation : collecting, preparing data
Includes knowledge capture : assimilation from various sources

Last Class: Prolog in Brief, Description Logics, On tologies
Prolog examples
Ontologies: formal languages for describing domains for KR
KR as basis of learning and reasoning
, , and Web Ontology Language (OWL)
Today: More Ontology Design; K _nowledge E ngineering, Elicitation
Concept elicitation techniques
Unstructured
Structured

Protocol analysis

Knowledge a cquisition (KA); info and knowledge management defi ned

Situation calculus revisited; time and event calcul us, fluent calculus
Next Class: More KE, Semantic Nets

KA and knowledge capture: elicitation concluded (st ructure elicitation)

Computational i _nformation and k_nowledge m_anagement (CIKM)
Coming Week: Logical KR Concluded; Planning




