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Knowledge Representation and
Midterm Review

Discussion: Search, Inference, Planning

William H. Hsu

Department of Computing and Information Sciences, K SU

KSOL course page: http://snipurl.com/v9v3
Course web site: http://www.kddresearch.org/Courses/CIS730

Instructor home page: http://www.cis.ksu.edu/~bhsu

Reading for Next Class:

Review Chapters 1 – 10, Russell & Norvig 2nd edition
Protégé-OWL tutorial: http://bit.ly/3rM1pB
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� Reading for Next Class: Review Chapters 1 - 10, R&N 2e

� Last Class: Event and Fluent Calculi, CIKM
� Representing time, events: from situation calculus to event, fluent calculi

� Knowledge a cquisition (KA) and capture

� Computational i nformation and k nowledge m anagement (CIKM)

� Today: Midterm Review
� Section I: Intelligent Agents

� Section II: Search

� Section III: Knowledge and Reasoning

� Coming Week: Intro to Classical Planning
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© 2003 S. Russell & P. Norvig.  Reused with permissi on.
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Based on slide © 2003 S. Russell & P. Norvig.  Reuse d with permission.
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Path found: ( Arad Sibiu Fagaras Bucharest )450¾®¾140 ¾®¾99 ¾®¾211
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Adapted from slides © 2003
S. Russell & P. Norvig.
Reused with permission.
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© 2003 S. Russell & P. Norvig.  Reused with permissi on.

Path found: ( Arad Sibiu Rîmnicu Vîlcea          Pitesti Bucharest )416
¾®¾140 ¾®¾80 ¾®¾97 ¾®¾99

Nodes found/scheduled (opened): {A, S, T,  Z, F, O,  RV, S, B, C, P}

Nodes visited (closed): {A, S, F, RV, P, B}
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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Figure 6.5 p. 168 R&N 2 e

What are aaaaaaaa , , bbbbbbbb values here?here?
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Adapted from slides © 2004 S. Russell & P. Norvig.  Reused with permission.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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Adapted from slide © 2004 S. Russell & P. Norvig.  R eused with permission.

Ontological commitment – what entities, relationships, and facts exist in world and can be
reasoned about

Epistemic commitment – what agents can know about the world
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� Implications Out (Replace with Disjunctive Clauses)

� Negations Inward (DeMorgan’s Theorem)

� Standardize Variables Apart (Eliminate Duplicate Nam es)

� Existentials Out (Skolemize)

� Universals Made Implicit

� Distribute And Over Or (i.e., Disjunctions Inward)

� Operators Made Implicit (Convert to List of Lists of  Literals)

� Rename Variables (Independent Clauses)

� A Memonic for Star Trek: The Next Generation Fans

•Captain Picard:

•I’ll N otify S pock’s E minent U nderground D issidents O n Romulus

•I’ll N otify S arek’s E minent U nderground D escendant O n Romulus

Adapted from: Nilsson and Genesereth (1987). Logical Foundations of Artificial Intelligence. 
http://bit.ly/45Cmqq
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� Unit Preference

� Idea: Prefer inferences that produce shorter senten ces

� Compare: Occam’s Razor

� How?  Prefer unit clause (single-literal ) resolvents (��� � ÚÚÚÚ ��� � with ØØØØ��� � ÚÚÚÚ ��� � )

� Reason: trying to produce a short sentence ( ^̂̂̂ ºººº True ��� � False)

� Input Resolution
� Idea: “diagonal” proof (proof “list” instead of proof  tree)

� Every resolution combines some input sentence with some other sentence

� Input sentence : in original KB or query
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Unit resolution

Input resolutions
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� Linear Resolution
� Generalization of input resolution

� Include any ancestor in proof tree to be used

� Set o f Support (SoS)
� Idea: try to eliminate some potential resolutions

� Prevention as opposed to cure

� How?

� Maintain set SoS of resolution results

� Always take one resolvent from it

� Caveat: need right choice for SoS to ensure complet eness
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Linear resolutions
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Universe of Decision Problems

Recursive Enumerable
Languages

(RE)

Recursive
Languages

(REC)

HL

VALIDL
VALIDL

 LSAT

SATL
L L complem.

under
closure

¾¾¾ ®¬

DL
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Co-RE (REC)

LH: Halting 
problem

LD: Diagonal 
problem

Semi-decidable
duals:
��� � ÎÎÎ Î LVALID iff
¬��� � ÎÎÎ Î LSAT

C

Undecidable
duals
��� � ÎÎÎ Î LVALID

C iff
¬��� � ÎÎÎ Î LSAT

��� � ���� RES ^̂̂̂ ?

��� �

Y

��� � ��� �
N
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� “Concept” and “Class” are used synonymously

� Class: concept in the domain

� wines
� wineries
� red wines

� Collection of elements with similar properties

� Instances of classes

� Particular glass of California wine

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

Top
level

Bottom
level
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� Slots in class definition C
� Describe attributes of instances of C

� Describe relationships to other instances

� e.g., each wine will have color, sugar content, producer, etc.

� Property constraints (facets): describe/limit possible values for slot

Adapted from slides © 2005 N. Noy & S. Tu
Stanford Center for Biomedical Informatics Research
http://bmir.stanford.edu
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Slots & facets for Concept/Class ����
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A knowledge engineer attempts to understand how a s 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.  

Knowledge
Engineer

Domain
Expert

Knowledge Base

Inference Engine

Intelligent Agent

Programming
Dialog

Results

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

1. Concept elicitation: methods
(elicit concepts of domain, i.e. agreed-upon vocabulary)

2. Structure elicitation: card-sort method
(elicit some structure for concepts)

3. Structure representation
(formally represent structure in semantic network)

4. Transformation of representation
(transform representation to be used for some desired purpose)

© 2001 G. Tecuci, George Mason University
CS 785 Knowledge Acquisition and Problem-Solving http://lalab.gmu.edu/cs785/
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© 2005 M. Hauskrecht, Univ. of Pittsburgh CS 2740 Kno wledge Representation
http://www.cs.pitt.edu/~milos/courses/cs2710/
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© 2005 M. Hauskrecht, Univ. of Pittsburgh CS 2740 Kno wledge Representation
http://www.cs.pitt.edu/~milos/courses/cs2710/
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Adapted from material © 2003 – 2004 S. Russell & P. N orvig.

Situation
calculus
Figure 10.2
p. 329 R&N 2e
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� Axioms: Truth of Predicate P
� Fully specify situations where P

true

� \\\ \ biconditional ( ÛÛÛÛ , iff)

� Original Predicates
� Describe state of world

� Each augmented with situation 
argument s
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� Intelligent Agents
� Chapter 1: Overview

� Chapter 2: Definition of IAs

� Types: Reflex, Reflex with State, Goal-Based, Prefe rence-Based

� Search
� Chapter 3: blind search

� Chapter 4: informed search , heuristics , Best-First & variants

� Chapter 5: constraints

� Chapter 6: game tree search

� Section III: Knowledge Representation and Reasoning
� Chapter 7: propositional logic

� Chapter 8: first-order logic

� Chapter 9: inference in FOL (resolution )

� Chapter 10: knowledge representation
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� Section I: I ntelligent A gents, Chapters 1 – 2
� Chapter 1: Overview

� Chapter 2: Definition of IAs

� Types: Reflex, Reflex with State, Goal-Based, Prefe rence-Based

� Section II: Search, Chapters 3 – 6
� Chapter 3: blind search

� Chapter 4: informed search, heuristics, Best-First & variants

� Chapter 5: constraints

� Chapter 6: game tree search

� Section III: Knowledge Representation and Reasoning
� Chapter 7: propositional logic

� Chapter 8: first-order logic

� Chapter 9: inference in FOL (resolution)

� Chapter 10: knowledge representation


