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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:

Sections 5.4 – 5.5, p. 151 - 158, Russell & Norvig 2nd edition
Missionaries and Cannibals: http://tr.im/yDoJ (article), http://tr.im/yDo2 (game)

Farmer, Fox, Goose, and Grain: http://tr.im/yDom (article)

Intro to Constraint Satisfaction Problems (CSP)
& CSP Search

Discussion: Search Recap

��������	
�
��
��������
��������
������
�����
����������

�������
�
�

�����
���
�
���
 ���
����!
����!!�	����

�������
"��!����������
"��!����������
"��!����������
"��!���

� Reading for Next Class: Sections 5.4 – 5.5, p. 151 – 1 58, R&N 2e

� Last Class: Sections 4.3
� Problems in heuristic search: foothills (local opti ma), plateaus, ridges

� Macro operators (macrops)

� Encode reusable sequences of steps

� Compare: hierarchical decomposition planning

� Wide world of global optimization: simulated anneal ing, simple GA

� Today: Chapter 5 on Constraint Satisfaction Problems
� CSPs: definition, examples

� Heuristics for variable selection, value selection

� Two algorithms: backtracking search, forward checki ng

� Coming Week: Chapter 4 concluded; Chapter 5
� State space search : graph vs. constraint representations

� Arc consistency algorithm

� Search and games (start of Chapter 6)

� Later On: More G enetic and Evolutionary C omputation (GEC)
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© 2005 R. Gutierrez-Osuna
Texas A&M University
http://research.cs.tamu.edu/prism/

© 2004-2005

Russell, S. J. 
University of California, Berkeley
http://www.eecs.berkeley.edu/~russell
/

Norvig, P.
http://norvig.com/

Slides from:
http://aima.eecs.berkeley.edu
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� function Hill-Climbing (problem ) returns solution state

� inputs : problem : specification of problem (structure or class)

� static : current , next : search nodes

� current ¬¬¬¬ Make-Node (problem .Initial-State )

� loop do

� next ¬¬¬¬ a highest-valued successor of current

� if next.value () < current.value () then return current

� current ¬¬¬¬ next // make transition

� end

� Steepest Ascent Hill-Climbing
� aka gradient ascent (descent)

� Analogy: finding “tangent plane to objective surfac e”

� Implementations
� Finding derivative of (differentiable) f with respect to parameters

� Example: error backpropagation in artificial neural  networks (later)

� Discussion : Difference Between Hill-Climbing, Best-First?
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© 2005 R. Gutierrez-Osuna, Texas A&M University http://tr.im/yCaX
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� Foothills aka Local Optima

� Plateaus (Plateaux ) aka Lack of Gradient

� Single-Step Traps aka Ridges

Wikipedia (2009). 
http://tr.im/yDgf

Isshiki, M. (2000).
http://tr.im/yCt3

© 2004 S. Russell & P. Norvig.  Reused with permissi on.

Ridges
© 2009 Wesam Samy Elshamy
Kansas State University
http://people.cis.ksu.edu/~welshamy/
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© 2007 Harris, D., Lee, J., & Mao, T.
http://tr.im/yCX7

Swapping edge cubelets:

Rubik’s Cube
© 1980 Rubik, E.
® Seven Towns, Ltd.

��!�����
.)
/�������!�����
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/�����
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Wikipedia (2009).  Rubik’s Cube.
http://en.wikipedia.org/wiki/Rubik%27s_Cube

“How to solve the Rubik’s Cube.”
© 2009 Daum, N.
http://tr.im/yCSA
(Solution uses 7 macro steps
such as the one shown at right.)

© 2001 Schwartzbach, M., et al.
Basic Research in Computer Science (BRICS)
Aarhus University, Denmark
http://www.brics.dk/bigwig/refman/macro/
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© 2005 R. Gutierrez-Osuna, Texas A&M University http://tr.im/yCaX
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© 2005
R. Gutierrez-Osuna

Texas A&M University
http://tr.im/yCaX

© 2004
S. Russell & P. Norvig.

Reused with permission.
http://tr.im/yCmM
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.

Last seen in Chapters 3 – 4 (Uninformed & Informed Se arch)
How can we make this a CSP?
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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� 3 Missionaries (A, B, C)

� 3 Cannibals (a, b, c)

� Start State: {ABC abc, ÆÆÆÆ}

� Goal State: { ÆÆÆÆ, ABC abc}

� Constraints

� Boat : can have 1 or 2 
occupants

� Bank : must have more Ms 
than Cs (otherwise Cs eat Ms)

� State Space Search

� 13 states shown

� 12 transitions

� CSP Representation: Exercise Wikipedia (2009).
Missionaries and Cannibals problem.
http://tr.im/yDoJ

Shortest Solution (Non-Unique)
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� Agent: Farmer F

� Objects

� A: Predator (Fox, Wolf, Panther, etc. )

� B: Meat animal (Goose, Sheep, Pig, etc. )

� C: Crop (Grain, Beans, Cabbage, Corn, etc.)

� Initial State: {FABC, ÆÆÆÆ}

� Goal State: { ÆÆÆÆ, FABC}

� CSP Representation Sketch

� Boat : can have 1 objects

� Bank : must not contain AB or BC

� State Space Representation: Exercise

Wikipedia (2009).
Farmer, Goose, and
Bag of Beans Puzzle.
http://tr.im/yDom

Shortest Solution
(Non-Unique)
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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© 2004 S. Russell & P. Norvig.  Reused with permissi on.
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Based on slides © 2004 S. Russell & P. Norvig.  Reus ed with permission.
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Based on slide © 2004 S. Russell & P. Norvig.  Reuse d with permission.
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Based on slides © 2004 S. Russell & P. Norvig.  Reus ed with permission.
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� Problem Situations in Heuristic Search: Foothills , Plateaus , Ridges

� Solutions: Macro Operators (Macrops ), Global O ptimization (GA /SA)

� Constraint Satisfaction Problems (CSPs)
� Variables : values range over domain

� Constraints : relations that must hold

� n-ary (n = 1: unary ; n = 2: binary ; n = 3: ternary ; n = 4: quaternary ; etc. )

� Denoted (represented) by predicates over n variables

� CSP: collection of variables, constraints (compare:  node in graph search)

� Partial instantiation : set of variable-value bindings

� CSPs: n-Queens , 8-Puzzle , Cryptarithmetic, Missionaries , Farmer

� CSP Techniques
� Variable selection heuristic : Minimum R emaining V alues (MRV )

� Value selection heuristic : Least Constraining V alue (LCV )

� Forward checking algorithm : eliminates values made illegal by commitments

� Detailed CSP Example: Graph Coloring
� Graph coloring : 2, 3, or 4-color specified graph G = (V, E)

� Types of graphs: bipartite , complete , complete bipartite , planar
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� Problems in Heuristic Search: Foothills, Plateaus, Ri dges

� Solution: Macros and GO

� Macros: encode reusable sequences of steps

� Global optimization (GO): SA, GA

� CSP Examples

� n-queens: standard form (n = 8), larger instances (1 00, 1000, etc.)

� 8-Puzzle, Cryptarithmetic

� River crossing puzzles

� Missionaries and cannibals ( aka “ jealous husbands”)

� Farmer, fox, goose, and grain (or beans)

� First Algorithm: Backtracking Search with Heuristics

� Minimum Remaining Values (for choosing variable)

� Least Constraining Value (for choosing value, given variable)

� Second Algorithm: Forward Checking with Constraint Pr opagation

� Detailed CSP Example: 3-Coloring Australian Map


